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INTRODUCTION 


It is the purpose of this paper to describe the re- 
sults of the analysis of phytoplankton samples taken 
from the waters of Lake Erie in the Cleveland Harbor 
area in 1950 and 1951. The samples were obtained 
fortnightly as a part of a broader study of the ex- 
tent and effects of industrial pollution. Both qualita- 
tive and quantitative samples of the plankton were 
taken. Discussions of the distribution of the zoo- 
plankton, of the effect of environmental relationships 
on the cycle of phytoplankton and zooplankton pro- 
duction, and of the plankton in relation to pollution 
» are being published elsewhere. The physical and 
| chemical results of the study have been published 
previously (Davis & Roney 1953, Davis 1953). 

This project was supported by funds appropriated 


© by the State of Ohio, administered through the Franz 


| Theodore Stone Institute of Hydrobiology of Ohio 
) State University. The interest of Dr. T. H. Langlois 
© of the Franz Theodore Stone Institute of Hydrobi- 
© ology and of Dr. F. J. Bacon of Western Reserve 
aq University made the project possible. Grateful ac- 
. knowledgment for assistance in collecting and 
© Processing samples is due to Dr. Harland B. Roney, 
» and Mrs. Sally May Davis, as well as to several others 
® Who helped occasionally. Phytoplankton records of 


> the Cleveland Division of Water and Heat were made 


© available by Mr. Fred Klingman and permission to 
» use the data was given by Commissioner F. Schwem- 
@ ler. The Stone Institute loaned essential equipment. 


Seasonal distribution of the Diatomaceae 
Seasonal distribution of the Chlorophyta 


Seasonal distribution of the 
holophytic Mastigophora 


DISCUSSION 
SUMMARY 


LITERATURE CITED 


COLLECTIONS AND PROCEDURES 
Twenty-three trips were undertaken between Sep- 
tember 15, 1950 and September 30, 1951. Weather 
conditions permitting, nine stations were sampled as 
follows (Fig. 1): 


O-4 





Fig. 1. Map of the Cleveland Harbor area, showing 
the location of stations 1-9. 


Station 1. Under the railroad bridge near the 
mouth of the Cuyahoga River. 

Station 2. Between W. Pierhead Light and E. Pier- 
head Light at the mouth of the jetties. 

Station 3. Halfway between the jetties and the In- 


take Crib. 
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Station 4. At the Intake Crib. 

Station 5. Near red buoy No. 2, off the foot of E. 
17th St., inside the breakwater. 

Station 6. Off the foot of E. 40th St., inside the 
breakwater. 

Station 7. Off E. Entrance Light, inside the break- 


water. 

Station 8. Outside the breakwater, opposite station 
6. 

Station 9. Outside the breakwater, opposite station 
5. 


At each station, both at the surface and ata depth of 
6.5 m (which was about 1 m above the bottom at all 
stations except the deeper stations 3 and 4), two 
plankton samples were obtained. At each level one 
of these samples consisted of approximately 250 ml 
of unfiltered water, preserved with 15 ml of 40% 
formaldehyde. A 200 ml portion of the water was 
centrifuged by use of a Foerst centrifuge, to occupy 
a volume of 10 ml. The second sample was obtained 
by the use of a Juday plankton trap of 10 liter ea- 
pacity. It also was preserved with formalin. In 
addition to the quantitative samples, two qualitative 
samples were obtained in the cleanest water visited on 
each trip (usually in the vicinity of stations 4 or 7) 
by the use of small cone nets made of #20- and #12- 
mesh silk bolting cloth. Chemical and physical ob- 
servations also were made at each station, as deseribed 
by Davis & Roney (1953) and by Davis (1953). 

Experience showed that the samples obtained by 
the use of the Juday plankton trap were more satis- 
factory for analysis both of the phytoplankton and of 
the zooplankton. In the first place, most of the sam- 
ples, especially from inshore stations, contained much 
tripton which tended to mask the presence of the less 
conspicuous plankton organisms. In the second place, 
during much of the year there were large numbers of 
floating blue-green algae with a specific gravity less 
than that of water, and these were invariably lost 
during the passing of the sample through the centri- 
fuge. Therefore, except where mechanical failure or 
other misfortune prevented the collection of satis- 
factory trap samples, the centrifuged samples were 
not analyzed. The report below, except where indi- 
cated otherwise, is based upon the analysis of trap 
samples only. 

Trap samples were analyzed, in most cases, as 
follows: the preserved sample was adjusted to a con- 
venient known volume, and a 1 ml aliquot was placed 
in a Sedgwick-Rafter plankton counting cell. Com- 
mon organisms in a given number of the fields de- 
limited by a Whipple ocular micrometer were counted, 
using the low power (100X) of the compound micro- 
scope. The number of fields counted in the aliquot 
varied with the abundance of the organisms, and 
ranged from an occasional low of 5 to 100 or more. 
After this preliminary count of the more common 
plankters, the entire 1 ml aliquot was examined by 
use of a compound microscope (low power), and the 
less abundant forms were counted. Where they were 
sufficiently abundant, the more common larger animal 
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species were counted in a 10 ml aliquot by the use of 
a dissecting microscope. Finally, the entire sample 
was scanned by use of a dissecting microscope and 
all of the less common larger animal forms were 
counted, 

The procedure was similar when centrifuged sam- 
ples were used: a 1 ml aliquot was analyzed eare- 
fully by use of the low power of a compound micro- 
scope fitted with a Whipple ocular micrometer and 
the remaining 9 ml were scanned for larger animals 
by the use of a dissecting microscope. 

The individual cells of most of the algae were 
counted. The lengths of the filaments were determined 
for others, such as Aphanizomenon flos-aquae, where 
small cell size and inconspicuous cross walls made 
cell counts unfeasible. In the species of Pediastrum, 
among others, both the coenobia and the cells were 
counted. Wherever ease of distinction made it possi- 
ble to do so, differential counts were mace of living 
and obviously moribund eells. This was not deemed 
possible, however, in such species as Fragillaria 
crotonensis. In addition, the average volumes of the 
cells of the more abundant phytoplankters were de- 
termined by direct measurements of cell dimensions. 
Appropriate calculations were made to estimate the 
number of cells, or the number of organisms per 
liter of the lake water, and to calculate the volume 
in ##/] of dominant phytoplankters. 

In any such investigation as this there are several 
sources of error in the methods of collection and 
of analysis. Numerous authors, such as Littleford 
et al. (1940) have discussed these sources of error, 
and nothing further need be added here. Two other 
sources of error in the interpretation of results, how- 
ever, are less frequently recognized. 

Firstly, a clear distinction is not always made be- 
tween the concepts of productivity and of the stand- 
ing crop of the plankton. When samples are ob- 
tained as they were in the present study, it is the 
existing quantity of the plankton, or the standing 
crop, that is being sampled. The rate of formation 
of organic material in the water (productivity) may 
or may not be reflected by the existing quantities of 
the plankton. It is fully conceivable, for example, 
that productivity could actually be greater when the 
standing crop of phytoplankton was very small than 
at times when it was massive. If the forms produced 
were being consumed by animals at a rate exceeding 
their production, the standing crop would be low 
even though produetivity might be extremely high. 
We obtain a statie picture of the phytoplankton 
population (the standing crop) and attempt to con- 
struct upon it a dynamie interpretation of the course 
of events (the productivity), with inevitable weak- 
nesses and errors. 

Secondly, the standing crop is being measured in 
such studies as this one at specific, fixed localities, 
where no consideration is given to the dynamie move- 
ments of water masses. In part this source of error 
can be overcome, with suitable facilities in the way 
of transportation, by the adoption of collection 
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methods such as those described by Verduin (1951b), 
but a real understanding of the dynamies of pro- 
duction can be obtained only after thorough field 
studies of the full course of events in a single water 


mass, supplemented by adequate and appropriate 


laboratory experimentation with pure and with 
mixed cultures. 
PREVIOUS INVESTIGATIONS IN THE AREA 


Lake Erie is conveniently divided into three nat- 
ural divisions (Chandler 1940; Verber 1952?), name- 
ly a western basin with an area of 3,276 km? and 
a mean depth of 7.4 m, a central basin with an area 
of 16,177 km? and a mean depth of 18.5 m, and an 
eastern basin with an area of 6,238 km? and a mean 
depth of 24.3 m (figures from Verber 1952?). Opin- 
ions have differed somewhat as to the exact boundary 
between the eastern and central basins. Thus, Chand- 
ler would draw an arbitrary line from Erie, Pa. to 
the tip of Long Point, Ontario whereas Verber would 
draw the line somewhat to the west of this, namely 
from Erie to the base of Long Point, to follow a flat 
submarine ridge. The Clevciand Harbor 
approximately 80 km to the east of the boundary of 
the western basin, and approximately 130 km from 
the boundary of the eastern basin, well within the 
central basin. 

Practically all previous extensive hydrological and 
hydrobiological publications deal with the western 
and eastern basins. In the eastern basin, the State 
of New York Conservation Department (1929) pub- 
lished an extensive survey of the waters of the Erie- 
Niagara System, including parts of the eastern basin 
of Lake Erie (see also Charles Fish 1929). In this 
Erie-Niagara survey the microplankton (primarily 
phytoplankton) was studied by Burkholder (1929a, 
1929b) and the macroplankton (the planktonic 
Crustacea) by Wilson (1929a, 1929b). On the basis 
of samples collected near the boundary between the 
and the western basins, Gottschall (1930, 
1933) published short papers on the phytoplankton in 
relation to pollution in Presque Isle Bay. Subse- 
quently, Gottschall & Jennings (1933) studied the 
phytoplankton for a 2-year period in Presque Tsle 
Bay and at the Erie, Pennsylvania intake crib 314 mi. 
out in the lake. 

The Franz Theodore Stone Institute of Hydrobi- 
ology and its predecessors on South Bass Island 
(formerly on Sandusky Bay) in the western basin 
have resulted in numerous papers dealing with hydro- 
Most of the 
earlier and many of the more recent publieat’ons 
were taxonomic in character. Among those dealing 
with plankton organisms were papers by Kellicott 
(1896, 1897), Landaere (1908), Riddle (1902), Snow 
(1903), Stehle (1923), Taft (1942, 1945), and 
Tiffany (1934, 1937). In more recent years there 
has been a greater emphasis on an ecological ap- 
proach and on the study of individual environmental 
factors, such as the limnological effects of a wind- 
storm (Andrews 1948a) and surface water movements 


area lies 


eastern 


logical and hydrobiological problems. 





STUDY OF THE PLANKTON OF THE CLEVELAND HARBOR AREA, OHIO 





323 


(Verber 1953). The most important of the papers 
dealing with the general ecological conditions of west- 
ern Lake Erie are those by Wright & Tidd (1933), 
a series by Chandler (1940-1944) and Chandler & 
Weeks (1945). All of these except one (Chandler 
1942a) deal directly with the phytoplankton as the 
major subject of investigation. These plankton in- 
vestigations are well supplemented by the studies of 
Verduin (195la, 1952). Certain aspects of zooplank- 
ton ecology and seasonal distribution were dealt with 
by Andrews (1948b, 1953). (1954) has 
presented an extensive description of the general eco- 


Langlois 


logical conditions of the western basin of Lake Erie. 

Several studies have been made in the central basin 
of Lake Erie. Voree (1880, 1881, 1882) investigated 
the seasonal distribution of plankters in the munici- 
pal water supply of Cleveland. In 1879 he collected 
and studied regular weekly samples and later (1851) 
obtained daily samples during the winter season and 
His 
collections were made by tying a muslin bag over a 
household faucet and gently straining the water until 
the meshes of the bag became clogged. The collected 
specimens were examined in the living condition, 


(1882) during the spring and early summer. 


Grcat seasonal changes of the plankton were noticed, 
not accurately detect the important 
plankton his 
primitive and non-quantitative methods of collection 
and analysis. At the time of Vorce’s investigations, 
the intake crib of the Cleveland municipal water sup- 
ply lay about one mile offshore, somewhat to the west 
of a line drawn between stations 2 and 3 of the pres- 
ent study. The organisms he studied had been sub- 
jected to variable periods of time in the city water 


but he could 


variations of abundance beeause of 


mains and in storage reservo‘rs. 

Until the cooperative survey of Lake Erie, under- 
taken in 1928-1929, the only subsequent studies of the 
central basin that are known are those of Hayford 
(1922), who studied seiches and lake levels in Lakes 
Michigan, Huron and Erie, and of Horton & Grunsky 
(1927), who tabulated water temperatures, evapora- 
tion, runoff, and lake levels for all the Great Lakes, 
including parts of the central basin of Lake Erie. 
The cooperative survey resulted in the two extensive 
publications previously mentioned on the conditions 
in the eastern basin. No central basin results have 
as vet been published except two papers on the fish 
of Lake Erie (Marie Fish 1930, 1932). These in- 
clude maps showing the 27 lake stations of the eo- 

These stations 
were arranged in 5 the lake, 
Ontario to the Ohio and Pennsylvania shores. 

Although 
have been made by investigators at the Erieau lab- 
oratory of the University of Western Ontario, to date 
there are no publications from that source dealing 
with the central basin. 
ences to organisms by authors of taxonomic works, 
the only other published papers that deal with the 
central basin appear to be those of Metealf (1942), 
Van (1942), (1944), Chandler & 


operative survey in the central basin. 


lines across from 


extensive collections and observations 


Except for occasional refer- 


Gieson Chandler 
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Weeks (1945), Davis & Roney (1953), and Ohio 
Division of Water (1953). Metealf studied the 
plankters at two stations off Lakewood, Ohio (Greater 
Cleveland), taking semi-quantitative weekly samples 
with an open net, from the latter part of June through 
September, 1939. His primary interest was to corre- 
late plankton quantity with the abundance of the 
white bass and with degree of sewage pollution. Van 
Gieson reported on pollution conditions at Cleveland’s 
bathing beaches. Chandler reported briefly on the 
phytoplankton records of the Cleveland municipal 
water works. The Ohio Division of Water published 
articles by several investigators dealing with a num- 
ber of subjects, including the hydrology, chemistry, 
bacteriology and biology of central and western basin 
waters. In addition, a supplement was published 
containing tables of data pertaining to the chemical 
and physical properties of the water in eleven Ohio 
rivers and creeks tributary to the central basin, and 
at twelve (central basin) municipal and industrial 
water intakes in the lake itself. In addition, there 
have been a few unpublished papers, such as those of 
Osburn (1926a, 1926b), Metealf (1940), Pueel et al. 
(1946) and Poppen (1951). 


SEASONAL DISTRIBUTION OF 


THE PHYTOPLANKTON 


The line of demarcation between phytoplankters 
and zooplankters is a tenuous one, for many species 
are transitional between animals and plants in their 
nutrition. Such transitional species, however, entered 
only sparingly into the counts made during the pres- 
ent study. 

The fact that the quantity and the kind of phyto- 
plankters vary greatly from one season to another 
in lakes and oceans has been appreciated for a long 
time. Recent general statements to this effect, for 
example, have been made by Davis (1954), Ruttner 
(1952), and Ruttner, Frey & Fry (1953). The ne- 
cessity for careful and detailed quantitative methods 
in the study of the seasonal distribution is emphasized 
by the impressions obtained by Voree (1881, 1882) in 
his study of the micro-organisms in the Cleveland 
He stated (1881, pg. 53): 
‘*One of the most noticeable results of the year’s ob- 
servations was the discovery that a well-marked periodic- 
ity existed in the appearance of certain forms.... And 

. surprising to the writer was the discovery that the 
winter season was the most prolific of the whole year 


municipal water supply. 


” 


in number and variety of forms observed. .. . 
This impression is not supported by the present 
quantitative study, nor by others on the seasonal dis- 
tribution of phytoplankters in Lake Erie (Gottschall 
& Jennings 1933; Wright & Tidd 1933; Chandler 
1940, 1942b, 1944; Chandler & Weeks 1945), and in 
other large temperate zone lakes (Birge & Juday 
1922). 
ToraL VOLUME 

The total volume of the phytoplankton was de- 
termined by adding the volumes of the several more 
abundant phytoplankton species for each date and 
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each station. The less common phytoplankters oe- 
curring at the same time did not have any appreciable 
effect upon the results, and therefore they were ig- 
nored in the computation of total volumes. The 
seasonal distribution of the total phytoplankton, ex- 
pressed in #* x 10~® is shown for each of the nine 
stations in Figures 2-10. Station 7 (Figure 8) will 
be considered here as the best reference station. This 
station was located in relatively unpolluted water 
at the point where the harbor and the open lake 
Its position was well protected from most 
weather, and therefore it was visited on 


merge. 
inclement 
nearly every trip. 








Fig. 2. Volumes of the phytoplankton in 4? x 107°/] 
at the surface and at 6.5 m at station 1 during the year 
September, 1950 through September, 1951. 





Fig. 3. Volumes of the phytoplankton in 43 x 107*/1 
at the surface and at 6.5 m at station 2 during the year 
September, 1950 through September, 1951. 
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Fig. 4. Volumes of the phytoplankton in uw? x 10 l 
at the surface and at 6.5 m at station 3 during the year 
September, 1950 through September, 1951. 
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Fig. 5. Volumes of the phytoplankton in 4? x 10~°/1 


at the surface and at 6.5 m, and temperature in °C, at 
the surface at station 4 during the year September, 1950 
through September, 1951. 
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Fic. 6. Volumes of the phytoplankton in a? x 107°/1 
at the surface and at 6.5 m at station 5 during the year 


September, 1950 through September, 1951. 
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Fic. 7. Volumes of the phytoplankton in 4% x 107°/1 


at the surface and at 6.5 m at station 6 during the year 
September, 1950 through September, 1951. 
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Fig. 8. Volumes of the phytoplankton in 48 x 107°/1 


at the surface and at 6.5 m, and temperature in °C, at 
the surface at station 7 during the year September, 1950 
through September, 1951. 
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at the surface and at 6.5 m at station 8 during the year 








September, 1950 through September, 1951. 
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Fig. 10. Volumes of the phytoplankton in #8 x 107°/1 


at the surface and at 6.5 m at station 9 during the year 


September, 1950 through September, 1951. 
The investigation began at what appears to be 


the height of the autumnal phytoplankton maximum 
(Sept. 15, 1950). At station 7 the phytoplankton 
volume amounted to 1,254 x 10° 43/1] in the surface 
sample (exclusive of floating species of blue-green 
algae, which were very abundant on this trip, but 
which could not be detected in the centrifuged quanti- 
tative samples). By the end of September, however, 
the phytoplankton volume had decreased greatly, to 
213 x 10°3/] in the surface sample and 304 x 
10° 4/] in the bottom sample. In the early part of 
October the volume increased again, to 333 x 10® #3/] 
at the surface and 690 x 1063/1 near the bottom. 
Another decrease in volume occurred towards the end 
of October, and this was followed by still another 
distinct rise in early November (the bottom sample 
only was suitable for analysis). The late November 
trip had to be cancelled because of very heavy snows. 
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By the early December trip the phytoplankton volume 
had dropped to 19 x 10® and 29 x 10% #3/] at the 
surface and the bottom respectively. This low volume 
can be referred to as the beginning of the winter phy- 
toplankton minimum. Ice conditions prevented visit- 
ing station 7 in late December, in early January, and 
in early February, but the results at stations 2 and 3 
indicate that the low values probably continued also at 
station 7 during this period—a contention that is con- 
firmed by the low values obtained at station 7 in late 
January and in early March. By the middle of March 
volumes had increased slightly, and this trend contin- 
ued into the first of April. In the latter part of April 
the vernal maximum had set in. Phytoplankton vol- 
umes rose sharply from 150 x 106 and 159 x 108 43/1 on 
April 6 to 1,662 x 106 and 2,045 x 106 #3/] on April 
28. Thereafter volumes dropped gradually until the 
end of May. Unfortunately, the early June trip 
could not be taken. By the end of June the phyto- 
plankton had virtually disappeared from the water, 
and volumes had dropped to 5 x 108 and 3 x 108 43/1, 
which was the absolute low for the year (at the same 
time, as is being discussed in detail in a subsequent 
paper, there was a large quantity of zooplankton). 
During July the phytoplankton volumes remained 
very low. Volumes were considerably larger in the 
early part of August. The late August trip was not 
taken. However, three trips were taken during Sep- 
tember, 1951, and these showed a massive build-up of 
phytoplankton volumes to what appears to be ap- 
proximately the peak of the autumnal maximum. On 
September 30 the respective phytoplankton volumes 
for the surface and the bottom were 2,123 x 10® and 
1,666 x 108 43/], 

Because early June was a very crucial period during 
the seasonal history of the phytoplankton, it was de- 
sirable in the absence of our own data to examine the 
figures obtained in the routine daily analyses at the 
Division Street Filtration Plant of the City of Cleve- 
land. The intake for the Division Street Filtration 
Plant lies approximately one kilometer to the west of 
station 4. The values are shown graphically in Figure 
11. On May 25 the total phytoplankton amounted 
to 242,000 cells per liter. On the 28th it had risen 
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Fig. 11. The deeline of the vernal phytoplankton max- 
imum and the inception of the summer minimum in 1951, 
as shown by the records of the Division Street Filtra- 
tion Plant, Cleveland, Ohio. 
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to 501,000, and remained similarly high on the 29th 
and the 31st. On June 1 the value had dropped 
sharply to 243,000 cells/l1. The drop continued and 
on the 4th the total was only 103,000 cells/1, while on 
the 6th and 7th it was 40,000 cells/l. Thereafter 
there was a continued gradual decrease, a low of 
5,000 cells/l being attained on June 18. The next 
day it had risen again to 23,000 cells/l, and remained 
at this general level for the rest of the month. Thus 
the drop from the end portion of the spring maximum 
to the low values of the summer minimum came 
suddenly. Available data do not indicate the cause 
of the sudden change. 

Results obtained in the present study at stations 
2, 5 and 6 agree fairly well with those obtained at 
station 7, except for some significant differences in 
the phytoplankton biomass in the autumn, 1951 maxi- 
mum. Data are limited from stations 8 and 9, for 
they could not be visited during bad weather. The 
same general outline of phytoplankton volume changes 
appeared, but the spring and fall maxima in 1951 were 
more intensive (the greatest phytoplankton volume 
obtained in these studies, namely 2,185 x 106 43/1, 
was taken at station 8 at the surface on May 26, 
1951). These two stations were not visited in 1950 
until after the fall maximum. Stations 3 and 4 were 
even more exposed than stations 8 and 9, and data 
from them are even more limited. The two 1951 
maxima apparently occurred at the same time as at 
other stations. However, at all of the other stations 
that have been described above there was a gradual, 
relatively small inerease of plankton volume during 
March and early April, leading up to the sudden ap- 
pearance of the spring maximum, while during the 
same period at both stations 3 and 4 there was no 
such increase. Volumes in one or both of the col- 
lections preceding the April 28 pulse were larger at 
these stations than at the others. It is this that led 
to the subjective observation in Davis & Roney (1953) 
that the spring pulse began earlier in these out- 
side stations. At station 4 (station 3 was not sam- 
pled) there was in addition an increase in volume in 
late January, forming a relatively small midwinter 
maximum. Phytoplankton volume on January 20 at 
station 4 amounted to 808 x 10° 43/1 at the surface 
and 844 x 108 48/1 at 6.5 m. 

The data obtained by the examination of raw (..e., 
intake) water at the Division Street Filtration Plant 
were made available for the month of January 1950, 
and the results are shown graphically in Figure 12. 
The total number of phytoplankton cells was low on 
January 2 (30,000 cells/1). During the month the 
total number of cells per liter fluctuated considerably. 
Highest values began to appear in the middle of 
the month, with 222,000 cells/l on the 18th, 274,000 
cells/l on the 21st, 450,000 cells/l on the 22nd, 210,000 
cells/l on the 24th, and 215,000 cells/l on the 26th. 
Some much smaller populations were encountered be- 
tween these high values. On January 31 the number 
suddenly dropped to 36,000 cells/l, and then remained 
low for the whole of February. In January, the 
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Fig. 12. The standing crop of phytoplankton during 
January and early February, 1951, as shown by the 
records of the Division Street Filtration Plant, Cleve- 
land, Ohio. 


most important genus was Asterionella, followed by 
Melosira and Stephanodiscus, which was much less 
abundant. 

Station 1 differed greatly from all the other sta- 
tions in its phytoplankton pcpulation. This was 
regularly the most highly polluted station of all those 
visited (Davis & Roney 1953, Davis 1953, Ohio Di- 
vision of Water 1953). Furthermore, this station 
was located within the mouth of the Cuyahoga River, 
and hence tended to reflect river conditions, rather 
than lake conditions. Phytoplankton volumes were 
uniformly low, though indications of the maxima ob- 
tained at the other stations are discernable. The 
volumes obtained in the bottom samples were almost 
invariably higher than those obtained in the surface 
samples, confirming the observation of Davis & Roney 
(1953) that cooler lake water often creeps up the 
river along the bottom underneath the warm waters 
flowing downstream. These matters, especially the 
possible relationship between plankton content and 
pollution, are being presented in a subsequent paper. 

The early estimates of Voree (1881, 1882), were mis- 
leading because of non-quantitative methods. Other- 
wise, the present results are in general agreement with 
those of all workers who have made quantitative 
studies of Lake Erie phytoplankton. Differences occur 
only in the details of quantity and of date. The ex’st- 
ence in the evcle of massive spring and fall maxima, 
separated by winter and summer minima, is described 
in full or in part by Burkholder (1929a, 1929b), 
Gottschall (1930, 1933), Gottschall & Jennings 
(1933), Metealf (1942), Chandler (1940, 1942b, 
1944), Chandler & Weeks (1945), Sullivan (1953), 
Tucker (1948), Verduin (195la) and Wright & Tidd 
(1933). Of these, only Metealf (1942), Chandler 
1944),-Chandler & Weeks (1945), and Sullivan (1953) 
have previously reported on conditions in the central 
basin and they did so in rather general terms, or for 
only a limited period. Lake Erie exhibits seasonal 
fluctuations of the standing crop of phytonlankters 
similar to those of other large temperate lakes (Pen- 
nak 1946, Damann 1945). 

Of the workers who have reported on the quantita- 
tive distribution of phytoplankers in Lake Erie, only 
Verduin (195la) and Sullivan (1953) have reported 
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actual volumes in #*, Hence only these authors pre- 
sent data that are directly comparable to those dis- 
cussed herein. Verduin showed that the 1949 vernal 
pulse in western Lake Erie occurred mainly in April, 
with a maximum of about 25,000 x 10° 4°/], and that 
the corresponding pulse of 1950 occurred mostly in 
April and attained a maximum of about 8,300 x 
108 #3/], 
characterized as a “crop failure, 


Even the low value of 1950, which Verduin 
” is about four times 
as high as the maximum volume reported upon here 
(2,815 x 10° #3/1), Western Lake Erie is generally 
conceded to be much much more productive than 
the central basin, but it is known whether the 
observed volume differences lie in the specific char- 


not 


acteristics of the year 1950-1951, for which very few 
comparative data are available, or possibly in the 
different methods used to estimate phytoplankton 
Sullivan (1953) did not 
present quantitative seasonal distribution data, but he 
reported a maximum of 12,500 x 108 #8/] (locality un- 
specified) in August, 1951. 

Wright & Tidd (1933), Chandler (1940, 1942b, 
1944), Chandler & Weeks (1945) and Tucker (1948) 
expressed their results in units per liter, but the 
units they used for different phytoplankters were not 
always volumetrically the 
method used to count the phytoplankters in the pres- 
ent study allows for indirect comparison between the 


volumes in the two studies. 


comparable. However, 


present results and those of the authors mentioned. 
Thus the highest volume of phytoplankton in the 
present investigation was 2,815 x 10° °/] at station 
8 at the surface on May 26, 1951. 
has been caleulated to contain approximately 167,000 
units. The sample obtained at the surface at sta- 
tion 7 on September 30, 1951 2,123 x 
10° #*/] and has been calculated to contain approx- 
imately 137,000 units. Wright & Tidd reported a 
late May to early October average of 186,000 units, 
with a maximum of 544,000 and a low of 33,000. 
Chandler, and Chandler & Weeks, reported the fol- 
lowing maxima: autumn of 1938, 330,000 units; spring 
of 1939, 247,000 units; autumn of 1939, 320,000 units; 
spring of 1940, 347,000 units; autumn of 1940, 97,- 
000 units; spring of 1941, 971,000 units; autumn of 
1941, 409,000 units; spring of 1942, 456,000 units; 
and autumn of 1942, 470,000 units. Tucker (1948) 
reported units from Lake Erie (western basin?) in 
1945, to compare with his results from Lake Ontario. 
He found approximately 100,000 units, in late Sep- 
Thus 
again, comparison of the Cleveland data with those 
obtained in the western basin indicates a much lower 
phytoplankton production in the central basin. 


This same sample 


contained 


tember, and this was possibly not the peak. 


Results obtained in the eastern basin (Burkholder 
1929a, 1929b; Gottschall 1930, 1933; Gottschall & Jen- 
nings 1933) are not comparable quantitatively with 
the present results for these authors did not clearly 
specify their methods. 

The changes of water temperature during the year 


at station 7 are plotted in Fig. 8. The decline of 


the 1950 autumnal maximum, and the onset of the 
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winter minimum corresponded to the rapid drop of 
water temperatures during the fall and early winter. 
The gradual increase of phytoplankton volume in 
the spring of 1951 was accompanied by a gradual 
increase of water temperature, and the vernal maxi- 
mum accompanied the rapid warming of the water: 
during the latter part of April and in May. The 
drop to the summer minimum, however, commenced 
during the remainder of the warming process. Dur- 
ing July, August and to mid-September water tem- 
peratures were relatively stable. During this same 
period there was at first a gradual and then a much 
more rapid increase in the phytoplankton volume. 
The peak of the autumnal maximum of 1951 occurred 
after the autumnal drop of water temperatures had 
commenced. 

Thus, during the fall of 1950, and the spring of 
1951 great changes of phytoplankton volume accom- 
panied great changes of water temperature at sta- 
tion 7, and stability of phytoplankton volumes ae- 
companied stable water temperatures in the winter. 
On the other hand, in the summer months there was 
a considerable change of phytoplankton volume, not 
associated with any important change of temperature. 
At station 4, in (Figure 5), the January 
20th maximum occurred at the time of the tempera- 
and the water 


contrast 


ture minimum of the water (0.4° C), 
temperature must have been rather stable for some 
time previous to this date (Davis & Roney 1953). 
Furthermore, at station 4 there was a definite decrease 
in phytoplankton volume from mid-March to early 
April, at a time when the water temperatures were 
gradually rising. 

Workers at the F. T. Stone Institute ef 
biology in western Lake Erie have been able to show 
between phytoplankton 
Turbidity measurements 


Hydro- 


a clear inverse correlation 
production and turbidity. 
were made during the present study (Davis & Roney 
1953, Davis 1953), but no correlation could be 
tected, undoubtedly the differences in 


depth, open water, and drainage in the western and 


de- 


because of 


central basins respectively. 

Thus, it would appear that any attempt to corre- 
late changes of phytoplankton volume with such 
simple physical environmental factors as seasonal 
variations of water temperature and turbidity are 
unjustifiable, and that a number of physical, chemical 
and environmental circumstances, acting 
simultaneously, must be taken into 
This conclusion is supported by the work of Chandler 
(1940), in Lake Erie. In 1939 the entire 
vernal phytoplankton maximum took place under the 
ice cover, towards the termination of a period of 
stable low temperature conditions. It is also sup- 
ported by the existence of greater phytoplankton 
production in the much more turbid western basin. 

COMPARISON OF MaJoR PHYTOPLANKTON GROUPS 

Figure 13 shows the seasonal distribution, expressed 
in #8 x 10~—8/], of standing crops of diatoms, green 


biological 
consideration. 


western 


algae and blue-green algae in the surface sample at 


station 7. Other. major- phytoplankton groups did 








not occur in large enough quantities to affect the 
total volumes more than slightly. At all times during 
the year the diatoms dominated the phytoplankton. 
During the summer of 1951, and during both fall 
seasons there was a considerable increase in the pro- 
portions of the blue-green and green algae, but all 
during the winter months, and during the spring 
maximum of 1951 the greens and the blue-greens 
formed only a very minute proportion of the total, so 
that virtually 100% of the phytoplankton consisted 
of species of diatoms. Only on the trip of October 
13, 1950 did the combined volumes of the greens and 
the blue-greens exceed that of the diatoms. There 
was no essential difference at the other stations that 
were visited. At no time were there such extremely 
dense autumnal blooms of blue-green algae as have 
been described for the shallow and protected por- 
tions of western Lake Erie by Tiffany (1938). 


2000 — DIATOMS 
--~- GREEN ALGAE 
BLUE-GREEN ALGAE 











1950] i951 
Comparison of total volumes of diatoms, green 
algae and blue-green algae at the surface at station 7 


Fic. 13. 


during the year September, 1950 through September, 


1951, 

Results similar to these have been reported by most 
other authors investigating the waters of Lake Erie. 
In contrast Wright & Tidd (1933), Chandler (1940, 
i942b, 1944) and Chandler & Weeks (1945) 
relatively larger proportions of Cyanophyta 


found 
than 
In part this was 
On the 
other hand, part of the difference lies in the methods 
A unit of the blue-greens Anabaena 
and Aphanizomenon (usually the most abundant blue- 
filament 100 4 in 


Diatomaceae in the fall maximum. 
a reflection of real differences in localities. 
of calculation. 
vreens) was, for these authors, a 
length, and they used a filament of the same length 
Yet the 
blue-greens in question have a filament diameter of 
1-S 4, whereas the filament diameter of Melosira 


12 #, 


as a unit of the abundant diatom, Melosira. 


only 


is 7 A 100 & filament of an average size speci- 


men of 


Aphanizomenon (diam. 5 #) would have a 
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volume of 1,964 #*, and a similar length filament of 
en average Melosira (diam. 8.5 #) would have a 
volume of 5,675 #*, or nearly three times as much. 
Lake Erie is not unlike the other Great Lakes with 
respect to the general composition of its phytoplank- 
ton, as shown by Damann (1940, 1945), Daily (1938) 
and Eddy (1927) for Lake Michigan, by Eddy (1934) 
for Lake Superior, and by Tucker (1948) for Lake 
Ontario, A similar composition has also been re- 
ported for Lake Winnipeg by Bajkov (1930), Lake 
Winnipeg is the only other large lake in the world 
that lies in a somewhat similar geographical location 
to that of the Great Lakes. 
SEASONAL DISTRIBUTION OF THE CYANOPHYTA 

Blue-green algae occurred in small numbers 
throughout the year but except during the periods of 
the autumnal maxima they never attained any great 
importance. 

1. Anabaena flos-aquae (Lyngbye) Brebisson (Fig- 
ure 14) was not encountered between October 13, 
1950 and July 7, 1951, at any of the stations. It 
oecurred generally in its largest numbers at the peak 
of the general autumnal maxima of both years, rising 
rapidly to the peak (in 1951), and declining equally 
rapidly after the peak (in 1950). Total volumes of 
this species were never high compared to certain other 
phytoplankters. In the surface sample taken at sta- 
tion 3 on September 29, 1950 the volume was 53.5 x 
106 «8/1, while the corresponding sample from station 
7 on the same date indicated 26 x 106##/l. In the 
sample taken near the bottom at station 9 it amounted 
to 25 x 10° 4/1. 


were much less than these. 


In most eases, however, volumes 
Volumes obtained at the 
several stations are given in Table 1, where it is shown 
that the species fluctuated irregularly in abundance. 
The average volume (exclusive of station 1) on Sep- 
tember 29, 1950 was 8.1 x 10° 4°/l, and the average 
on September 30, 1951 was 6 x 108 #3/], 
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TaBLE 1. Volumes of Anabaena flos-aquae in p® x 10~°/1, obtained at the several stations. 





Date 1 | 2 3 4 
8 i pi s D $ D s D 
| | 
9-29-50 1.4] 1.0] 0.6] 0.4] 53.5] 1.5] 5.0] 1.5 
10-13-50 | | * * * + . * 


10-27-50 


( 





8.2 0.4 8.5 0.6 
* , 
1 ‘ + * * 
4 | * * * 
9-30-51 5.2 5.6 12.3 . ¥ 
Symbols: none observed. *sample not taken, or lost. 


Th's species was first listed from Lake Erie by 
Voree (1881), who said it was not common. None 
of the authors who has made quantitative studies of 
Lake Erie phytoplankton has heretofore distinguished 
between this and other species of the genus. Ana- 
baena sp. (probably A. flos-aquae?) was reported by 
Chandler (1940, 1942b, 1944) and Chandler & Weeks 
(1945) as occurring in the open portions of the west- 
ern basin during the summer and autumn in quanti- 
ties not exceeding 1,300 to 2,000 units/!. However, 
Chandler (1944) reported it as a heavy bloom in the 
protected harbor during August and part of Septem- 
ber in 1941. In the present results, the average of A. 
flos-aquae for all stations except number 1 in late 
September, 1950 was equivalent to 1,000 units, ealeu- 
lated on the same basis as that used by Chandler and 
Chandler & Weeks. The average for late September, 
1951 was 750 units. The absolute maximum, at the 
surface at station 3 in late September, 1950, was 
6,709 units. Thus in the present study this species oe- 
curred in larger quantities than encountered by other 
authors in other years in the western basin. 

Metcalf (1942) estimated the number of cells of 
Anabaena sp. in Cleveland waters, but his samples 
were collected with an open net towed for a standard 
period of time behind a boat going at a standard 
speed, and thus are not strictly comparable to those 
reported here. He assumed 100% efficieney of his 
net, which is, as shown by Allen (1939) and others, 
unjustified. According to Metealf’s estimates, there 
were from 40,000 to 50,000 cells/l on August 3, the 
earliest date of his collections. Thereafter the values 
dropped more or less rapidly until by the first part 
of September there were only negligible numbers. 
The average number of cells/] for the samples taken 
in the present study towards the end of September, 
1950 was 44,000 and that towards the end of Sep- 
tember, 1951 was 32,000. The maximum (station 3, 
surface, September 29, 1950) was 290,000 cells/I. 
Thus the average numbers compare rather closely 
with those obtained by Metcalf in the same general 
locality. His maximum, however, occurred nearly 
two months earlier in the year. 

Burkholder (1929a, 1929b), Gottschall (1930, 1933) 








STATION 
5 6 7 8 9 

S D Ss D s D S D 5 D 
7.) 2.3 5.6 0.2 26.0 1.3 8.6 0.1 " 2g 
2.0 6.3 1.2 10.7 2.7 10.6 - s " i: 
0.3 0.9 0.2 7.6 1.3 5.6 0.5 
0.3 9.4 0.7 0.1 3.1 ° . ° a 
3.6 3.6 11.9 1.3 6.1 10.8 21.3 20.5 13.8 24.5 
2.3 1.5 2.3 6.5 14.1 2.1 8.1 3.9 3.5 16.1 


and Gottschall & Jennings (1933) expressed their 
results in “number of individuals,” without further 
specifications. Their results therefore do not permit 
quantitative comparison. Burkholder found maxi- 
mum numbers of Anabaena sp. in eastern Lake Erie 
in early August, 1928. Thereafter the numbers de- 
clined, but rose again in mid-September. Gottschall 
(1930, 1933) showed a similar history for Anabaena 
populations. Gottschall & Jennings (1933) have data 
covering a greater period of time, but their general 
results are somewhat similar to the foregoing. 

2. Anabaena spiroides Klebahn occurred regularly, 
but in small quantities in samples collected on Sep- 
tember 14, 1951. The species was considerably more 
common in the samples collected on September 30, 
1951. On this date, for all stations, there was an 
average of 2,500 cells per liter, with a maximum of 
14,500 cells per liter. The species has previously 
been reported qualitatively for Lake Erie (Tiffany 
1934), but never quantitatively. 

3. Other species of Anabaena were encountered 
only sparingly and irregularly. 

4. Aphanizomenon flos-aquae (L.) Ralfs was the 
most abundant of the blue-green algae. Its seasonal 
distribution was rather similar to that of Anabaena 
flcs-aquae, but its total volume was usually greater. 
Figure 14 shows the seasonal distribution of this 
species at the surface at station 7, and Table 2 shows 
data from all stations. The highest volume of this 
species was at station 5 at the surface on September 
30, 1951, when there was 53.8 x 10® #8/]. On this date 
the average of all samples, except those from station 
1, amounted to 2.8 x 10° “3/1, the greatest quantities 
of the present study. During the previous year the 
samples obtained on October 13 indicated an average 
of 21.4 x 106 43/1, in contrast to only 6.7 x 10° 43/1 at 
the end of September, 1950. As in the case of Ana- 
baena flos-aquae, this species was not encountered in 
the samples during the winter and spring months. 

Burkholder (1929a, 1929b) found this species in 
abundance at several stations in early July, but in 
August and September “it had all but disappeared.” 
Thus the seasonal distribution in eastern Lake Erie 
in 1928 differed from that of the present study. 
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Volumes of Aphanizomenon flos-aquae in 8 x 10-"/1 obtained at the several stations. 








9-29-50 0.2 1.8 0.6 1.2 19.2 4.6 4.7 3.1 
10-13-50 0.4 i e a - . . 
10-27-50 0.4 ° ° . ° . 
11-11-50 i 
to none found. 

6-23-51 f 

7- 7-51 0.2 1.9 1.3 3.9 0.6 6.3 1.0 
7-21-51 0.2 2.0 1.8 ° ° 2.0 0.8 
8- 4-51 0.9 - * + * . 
9-14-51 1.3 2.4 4.5 . sg x “ 
9-30-51 0.3 11.7 27.0 26.8 6.7 23.0 wt 6d 


Symbols none observed. * sample not taken, or lost. 


Chandler (1940, 1942b, 1944) and Chandler & Weeks 
(1945) combined this species with Oscillatoria in 
making their counts, and so their results are not 
strictly comparable. These authors deseribed regu- 
lar maxima in the autumn, amounting to 8,000-366,000 
units. In the present study there was an absolute 
maximum of 13,500 units at station 5 (surface) at 
the end of September, 1951. In mid-October, 1950 
the average for all stations (except number 1) was 
5,300 units, and at the end of September, 1951 the 
average amounted to 7,200 units. Thus, present re- 
sults are much lower than those usually found in 
the western basin. 

Other authors have not given the quantitative dis- 
tribution of Aphanizomenon flos-aquae in Lake Erie. 
Tucker (1948) described the sudden apperance of 
Aphanizomenon sp. (presumably A. flos-aquae) in the 
Bay of Quinte, Lake Ontario around August 9, 1945. 
On this date it occurred to the extent of 7,309 units/1. 
It disappeared rapidly, however, and by the end of 
August there were only 235 units/l remaining. The 
pulse in the Bay of Quinte was earlier than any re- 
ported from Lake Erie, including those of the present 
report. The size of the standing crop, however, was 
more comparable to that of the present study than 
those determined for western Lake Erie. 

5. Chroococcus spp. were not abundant, and the 
relatively few, tiny cells imbedded in the gelatinous 
colonial sheaths made them comparatively unimpor- 
tant members of the phytoplankton, in terms of pro- 
toplasmic bulk. In the fall of 1950 and in the winter 
Chroococcus was never seen, but colonies occurred in 
very small numbers in the first part of April, 1951, 
and they increased considerably (to about 100/1) by 
the end of the month. Thereafter the numbers de- 
creased radically, so that they were practically absent 
from the samples taken on May 12. In July they oe- 
curred more regularly, but still in small numbers 
(10 to 25/1). During September there was a great 
increase in numbers, until by September 30 there 
were from 100 to 300 colonies/] at most of the sta- 


tions. During mest of the year no attempt was made 


to separate the species while counting, though C. 






Station 


21.2 6.1 10.1 1.5 7.6 2.4 10.1 ef ? * 
17.2 25.0 9.9 16.5 16.9 42.7 3 ws ad » 
5.2 1.8 1.4 2.2 4.5 6.3 7.3 8.3 3.9 3.4 
0.7 1.2 3.2 1.8 3.4 0.7 2.2 2.1 4.5 0.3 
2.4 0.2 3.7 0.7 2.6 0.2 3.8 0.9 3.2 4.3 
0.2 0.2 0.6 0.7 4.1 0.9 ° * * * 
7.4 4.5 13.0 1.4 8.6 17.2 19.7 16.6 18.9 22.1 
53.8 39.3 32.6 30.7 42.7 46.2 20.5 22.7 19.7 11.8 


limneticus Lemmermann was the most common. Diff- 
erential counts of C. limneticus, C. dispersus (Keis- 
sler) Lemmermann and C. sp. were made from the 
samples obtained on September 30, 1951. There 
was an average of 58 colonies/| of C. limneticus for 
all of the stations, with a maximum of 110 colonies/] 
at the surface at station 6. There was an average of 
111 colonies of C. dispersus per liter at all stations, 
with a maximum of 445 colonies/l at station 9 at the 
surface. Other species of the genus were negligible 
in quantity. 

Chandler (1940, 1942b, 1944) and Chandler & 
Weeks (1945) described a similar seasonal distribu- 
tion of the genus Chroococcus with peaks in May and 
in August. At the peak of abundance they found 
from 4,000 to 8,000 units (colonies) in various years. 
Values for the Cleveland Harbor area fall far below 
those for western Lake Erie. Other authors studying 
the phytoplankton. of the Great Lakes, other than 
Lake Erie, have not given quantitative estimates for 
the members of this genus. 

6. Lyngbya sp. was encountered infrequently and 

mall numbers, during the summer and fall of 
i951. Burkholder (1929a, 1929b) and Chandler 
(1940) listed the genus as rare in the plankton of 
Eddy 
(1927) reported the genus as abundant in southern 
Lake Michigan (up to 825 x 108 cells per cubic meter) 
in May and June of 1927, and Daily (1938) found it 
the dominant blue-green alga at Evanston in 1937-38. 
Tucker (1948) recorded the genus in the Bay of 
Quinte, Lake from 106 to 858 
units/1. 

7. Only one specimen of Mer'smopedia was en- 

This was on September 30, 1951 at sta- 


the eastern and western basins of Lake Erie. 


Ontario, varying 


countered. 
(it occurred in large quantities in a non- 
quantitative sample obtained from the Cleveland 
Harbor area in August, 1953). Chandler (1949, 
1942b, 1944) and Chandler & Weeks (1945) reported 
the genus in western Lake Erie in the autumn of 
each year, with August or September 
amounting to 1,300 to 21,500 units. 

8. Microcystis sp. oceurred during both fall seasons, 


tion 7 


pulses in 
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and had a seasonal distribution comparable to that 
of Anabaena and Aphanizomenon. Counts were made 
of colonies, but the size of the colonies varied so much 
that results had limited quantitative value. On Sep- 
tember 29, 1950 there was an from all of 
the stations (except station 1) of 38 colonies/l. The 
genus was represented only at a few of the stations 
on October 13 and 27, and the numbers were smaller. 
In 1951 Microcystis was first seen on the trip of 
September 14 (samples from September 3 had been 


average 


centrifuged, and hence specimens of this genus, which 
were detected in the qualitative sample, were lost). 
On September 14 there was an average of 150 
colonies/]. On September 30 the average at the sta- 
tions was 413 colonies/], with an absolute maximum 
of 1,555 colonies/] at the surface at station 8. 

Tiffany (1938) has mentioned the huge quantities 
of this blue-green alga that may occur in the autumn 
in western Lake Erie in protected places. Chandler 
(1940, 1942b, 1944) and Chandler and Weeks (1945), 
working in the open portions of the western basin of 
the Lake, collected the genus from July to October, 
with maximum numbers amounting to 4,000 to 46,000 
units (colonies)/] in the different years. Burkholder 
(1929a, 1929b) found it in moderate quantities in 
eastern Lake Erie in August. Gottschall & Jennings 
(1933) mentioned a late summer Lake 
Michigan, Daily (1938) mentioned the genus as oe- 
eurring frequently, but in smaii numbers. In_ the 
Bay of Quinte, Lake Ontario, Tucker (1948) re- 
corded the genus from July through September, with 
a maximum pulse in August of 2,860 units/I. 


bloom. In 


9. Oscillatoria sp. occurred over a longer period 
than the other filamentous blue-green algae, but never 
in great quantity. 
months of 1951 
within the mouth of the river, where it was found in 
considerable numbers. On June 23, 1951, when the 
phytoplankton content of the water had fallen to 
the smallest values for the year, it became one of the 


During the winter and spring 
it was almost confined to station 1, 


three most abundant species, amounting on the aver- 
only to 0.4 x 10°4#3/]. In the July 
7 samples, it was greatly exceeded by Aphanizomenon 


age, however, 
flos-aquae among the blue-green algae, but it had in- 
ereased slightly in absolute volume, the average be- 
coming 0.5 x 108 43/1. During the remainder of July 
and during August there were few records of the 
genus. On Septemebr 3 it was found at stat’ons 2, 5 
and 7 in relatively small numbers. On September 
14 it reached its high for the year, with an aversge 
of 1.5 x 1063/1. Exeept for one occasion in the 
river itself, its absolute *:aximum was on this date, 
at the surface at station 5, where the volume was 
6.4 x 10°°/]. By the end of September, however, 
it occurred only at a few stations, in fluctuating, but 
always small quantities. 

Snow (1903) and Tiffany (1934) mentioned a num- 
ber of species of Oscillatoria in Lake Erie, and in 
adjacent ponds, but none of the previous authors who 
has studied Lake Erie phytoplankton quantitatively 
has given estimates for the genus. None of the in- 
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vestigators of the eastern basin mentions the genus, 
and Chandler (1940, 1942b, 1944) and Chandler & 
Weeks (1945) did not distinguish between Oscillatoria 
and Aphanizomenon in their counts. Tucker (1948) 
did not mention the genus for Lake Ontario. Eddy 
(1927) listed it as rare for Lake Michigan. 

SEASONAL DISTRIBUTION OF THE DIATOMACEAE 

1. Asterionella sp. occurred throughout the year. 
Figure 15 shows its distribution at the surface at 
station 7, and Table 3 shows its distribution at all 
stations. The volume average of all stations except 
station 1 was 16.8 x 10° #*/] on September 15, 1950, 
but this value fell precipitiously to 3.2 x 106 43/] at 
the end of the month. During October and November 
the volumes were negligible. In early December vol- 
umes had increased somewhat, and in early January 
the volume was 8.1 x 10° 4*/], At this time it was 
second only to Stephanodiscus, and exceeded even this 
form in number of cells. On January 20 the average 
volume reached 38.6 x 10° #3/], and at this time it was 
the most abundant phytoplankter. The limited results 
of February indicate a considerable decrease in num- 
bers (this is the results, described 
above, from the analyses of the Cleveland water sup- 
ply), and in early March this was confirmed with 
an average volume of only 6.6 x 10 #3/], 
March, however, the volumes again inereased greatly 
to 51.6 x 10%4%/], the high for the year. During 
April the volumes remained high, though not as high 
as in mid-March. At the time of both March trips, 
and also at the time of the early April trip, Asteri- 
onella was by far the most abundant phytoplankter. 
However, on April 28 the vernal phytoplankton max- 


also shown by 


In mid- 


imum had set in, caused by great quantities of other 
diatoms, superimposed upon a rather stable popula- 
tion of Asterionella. 

By the middle of May, volumes of Asterionella had 
dropped to an average of 6.4 x 10° 43/1, and they 
remained at a somewhat similar level until the end 
of May. By the end of June Asterionella was a neg- 
ligible part (an average of 0.02 x 10®#°/l) of the 
total volume of the summer phytoplankton minimum. 
Volumes remained negligible in early July, but by 
the latter portion of the month they had climbed to 
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Fig. 15. Volumes of Pediastrum simplex and Asteri- 


onella sp. at the surface at station 7 during the year 
September, 1950 through September, 1951. 
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Volumes of Asterionella sp. in “8 x 107°/], obtained at the several stations. 





Date 1 2 3 4 
S D Ss D Ss Di 8 LD 
9-15-50 . 7.7| * a ik oe ( . 
9-29-50 02) O81 17] 2.4] 2:2 1.4] 1.5] 2.6 
10-13-50 0.03| (et ie | Pi ° 
10-27-50 i = | eae) Oe) iC . 
11-11-50 £33 eae 4 4 . 
12- 9-50 os} 10] 13) 071° ‘7 ° 
12-21-50 oe 3 ee ge ie aa tie . 
1- 5-51 1.0) 1.0] 13.5] 5.2] 66] 69] ° . 
1-20-51 0.2| 2.4] 20.6] 10.2] °* * | 168.5 | 180.8 
2-17-51 Aneel LS ee Gee Be . 
3- 3-51 2.6| 2.2] 12.1] 12.4] * | * | * * 
3-17-51 0.8| 1.8] 35.6 | 34.2 | 60.2 | 58.4 | 174.9 | 126.9 
4- 6-51 0.4| 1.4] 37.8| 39.0] 48.6| 56.7] 18.3} 26.3 
4-28-51 5.9| 17.3] 30.6] 22.7| 55.6] 88.9} 81.0] 60.3 
5-12-51 0.3/ 0.8 5.8| 5.0; * * . * 
5-26-51 as; * | SF) 6s] ° ° 5.8) 1.4 
6-23-51 | | 0.02) (aes eid. . 
7- 7-51 0.1 0.1 0.1 | 0.2 0.04 0.1 0.1 0.1 
7-21-51 on] 08] 63] 68%] © * 71 23 
8- 4-51 0.6] 0.5] 1.2] 17.2 ° . * * 
9- 3-51 0.4} 02] 1.9] * * . . 
9-14-51 G1] O21] a0} #6] * | * | » * 
9-30-51 0.4 3.0 0.6 2.5 | 6.9 6.1 - ws 


Symbols none observed. * sample not taken, or lost. 


an average of 3.7 x 10°3/]. In the first part of 
August there was another pulse of this genus, amount- 
ing to an average volume of 43.6 x 106 #3/], but by 
the first part of September this had been reduced to 
a negligible figure again. During the remainder of 
September the volume rose considerably, attaining an 
average value of 6.5 x 106#*/] at the end of the 
period of investigation. 

The first report of Asterionella from Lake Erie was 
from Cleveland Harbor area when Voree (1881) listed 
A. formosa as “very abundant.” Subsequently Met- 
ealf (1942) reported the genus at his two stations off 
In mid-June he found up to 9,045 cells/1, 
25. In early 


Lakewood. 
but this dropped to none on June 
August the genus was absent but there was a grad- 
ual increase until August 17. On August 23 he found 
a considerable inerease in quantity, amounting to about 
20,000 cells/1 at his outside station. Subsequently 
the quantities decreased in early September, but they 
increased again to a high of about 7,400 eells/] in mid- 
September. In the present study the largest quantity 
of Asterionella at any time during the year was on 
January 20, 1951 at 6.5 m at station 4, where there 
were 452,400 eells/l, or 180.8 x 106 #8/]. In the pres- 
ent study the average number of cells/] during the 
months reported upon by Metealf (1942) were as 
follows: June 23, 50 cells; July 7, 300 cells; July 21, 
9,000 cells; August 4, 109,000 cells; September 3, 
1,300 cells; September 14, 10,800 cells; September 


30, 16,200 cells. Thus his findings are somewhat 


comparable to those of the present study except for 


the early August values, which are over five times as 


high. 





STATION 
5 6 7 8 9 

$s D s D s D s Di} Ss | »D 
6.5 * 31.1 * 21.9 * * * « |e 
0.7 1.6| 2.5] 2.1 8.1 9.3] 3.9] 4.1] * * 
0.01| 0.08} 0.05) 0.04} 0.06) 0.05) * | * | * | * 
0.4 0.2 0.2 0.2 0.1 0.3 02} 0.1 0.1 0.2 
0.6] 0.7 0.8 * ° 1.0 ° . . 4 
1.5 1.1 2.0 13! 0.9! 0.5 7 1.6] 1.3 23 
= * * * . + ‘ * * J 

* . a = J * - * * ~ 
10.8] 11.3! 13.1! 11.1] 15.6] 20.5! 21.9] 9.8] 20.3] 25.5 
. | +. + * * * | * | 7 * 
11] 1.2] 4.3] 2.5] 3.7] 3.3] 9.1] 12.8] 7.4] 9.9 
17.8] 25.1] 31.9] 32.8] 38.3] 32.1] 30.5] 36.9] 42.8; 52.2 
11.3} 20.5 | 26.0] 31.8] 35.9] 46.0] 37.2] 43.0 | 42.4] 47.4 
5.6 | 17.8] 24.7| 17.1] 32.6] 18.8] 15.8| 34.6] 17.8] 14.2 
3.7 6.1 10.3 6.2 5.3 8.4 1 eo) as 
2.2| 6.1] 33.2 8.9 53) 83) 1037] 17] O74. ae 
0.04 0.02! 0.02) 0.02 0.02) * - | + * 
0.03} 0.2) 0.1 0.2} 0.1 0.3] 0.04 0.1 0.1) O11 
2.1 271 25) 8s 3.0 7 6.0) 4.1 3.3 1.0 
12.6 48.9 16.5 59.3 | 107.9 85.2 Ws us ° He 
0.04 0.3 0.2 0.8 0.4 0.6 a = 3? ° 
0.4] 3.1 6] 1.41 27 9.8| 10.7| 4.0| 6.1 
3.9| 6.6] 6.1 1.4] 74 3.6 | 10.7] 10.3] 18.0 


Elsewhere in Lake Erie, Burkholder (1929a, 1929b) 
found a gradual increase in the numbers of Asteri- 
onella during the warm season until mid-September. 
His results were expressed as numbers of clusters of 
cells, and hence they are not comparable quantita- 
tively with the data reported here. Maxima were 
found at Erie, Pa. by Gottschall & Jennings (1933) 
in October, 1929, and in June and November, 1930. 
Chandler (1940, 1942b, 1944) and Chandler & Weeks 
(1945) reported Asterionella from the western basin 
as the regular dominant in the vernal maxima. They 
estimated 158,000 units/l in the vernal maximum of 
1939, 108,000 units in May, 1940, 878,000 units in 
1941 and 410,000 units in 1942. The maximum ob- 
tained in the present study was 56,500 units, and 
the average of all stations except station 1 during the 
mid-Mareh maximum was only 16,100 units, a value 
Ver- 
1950 


far below the results from the western basin. 
duin (195la) 
amounting to approximately 3,000 x 108 #3/] (com- 
pared to a maximum of 181 x 10% #3/] in the Cleve- 
Sullivan (1953) coneluded that 


found a spring maximum in 


land Harbor area). 
the largest volumes in 1951 occurred in early spring, 
co-dominant with Cyclotella. 

The genus Asterionella has been reported as an im- 
portant or dominant diatom in the phytoplankton of 
Lake Superior (Eddy 1934, Taylor 1935), Lake 
Michigan (Eddy 1927, 1934; Daily 1938; Damann 
1940, 1945), Bay of Quinte, Lake Ontario 
(Tueker 1948). 

2. Individual broken frustules of Coscinodiscus sp. 


oceurred on May 12 at stations 1 (deep sample) and 


and 
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TABLE 4. Volume of Cyclotella sp. in #8 x 107°/] obtained at the several stations. 
SraTION 
Date 1 2 3 4 5 6 7 8 9 
8 D 5 D 8 D & D S D NS) D N) D s D § D 

4-28-51 8.2 | 413.5 |1017 711.0 | 285.6 |1193 1360 856.7 |2208 526.5 | 791.3 | 477.5 | 776.4 |13038 779.4 | 603.9 | 731.8 | 407.1 
5-12-51 0.6 6.0 | 15.8 . . * * 6}. 184 | ST 1 5.9 | 16.6 * ° ° ° 

Symbols: none observed. * sample not taken, or lest. 
2 (surface sample). These could well have been shows its distribution at all the stations, The average 


fossils washed in by the river. 

3. Cyclotella sp. occurred as scattered specimens 
until it was found in small numbers at several of 
the stations in the samples of April 6. By April 28 
it was a close second to Melosira in quantity. It was 
on this date that the highest total phytoplankton 
volumes of the vernal maximum were attained, and 
Cyclotella contributed a large part to the totals. 
Figure 16 shows the seasonal distribution of this 
diatom at the surface at station 7, and Table 4 
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Fig. 16. Volumes of Melosira sp., Cyclotella sp. and 


Fragillaria crotonensis at the surface at station 7 during 
the year September, 1950 through September, 1951. 


volume of all stations except station 1 on April 28 
was 735 x 1068/1, with an absolute maximum of 
1,360 x 106 #8/] at the surface at station 4. - By May 
12 the pulse of Cyclotella was fading, with an average 
volume of only 11.6 x 10® ##/1, and an absolute maxi- 
mum of 16.6 x 10° #3/] at 6.5 meters at station 7. 
During subsequent trips this form was encountered 
only occasionally, and in negligible numbers. 

Vorce (1881) reported two species of Cyclotella 
the Cleveland water supply, both of which he 
Snow (1903) listed four species 
western Lake Erie—three of them planktonic. 
The genus has not been mentioned from the eastern 
basin. Chandler (1940, 1942b) listed of 
the genus in the western basin, finding an autumnal 
maximum of 8,000 units/l in 1938. He reported a 
pulse in November and December of 1939, with a max- 
imum of 10,000 units, and another in mid-April, 
1940 with a maximum of 9,000 units. In later in- 
vestigations (Chandler 1944, Chandler & Weeks 1945) 
Cyclotella and Stephanodiscus were lumped together 
in making counts, and hence the data are not com- 
parable with the results of the present study. Ae- 
cording to Verduin (195la) the spring pulse of 1950 
in western Lake Erie consisted of a mixture of ap- 
proximately equal volumes of Asterionella and Cyclo- 
tella (Kirchner ) The 
1950 phytoplankton maximum was estimated as 6 x 
10° «3/] at the peak. Hence there were approximately 
3,000 x 10°#3/] of Cyelotella. The early spring 
phytoplankton of 1951 was reported by Sullivan 
(1953) to be dominated by Cyclotella, with Asteri- 
onella as co-dominant. 


from 
listed as “common.” 
from 





members 


melosiroides Lemmermann. 


The reported occurrence of both vernal and au- 
tumnal maxima of Cyclotella in Lake Erie may be the 
result of differing cycles in the different species that 
oceur. The occasional great importance of members 
of the genus warrants a more thorough and econtinu- 
ing investigation than has been possible to date. 

4. Fragillaria crotonensis Kitton was among the 
three most common of the phytoplankters, but it 
never occurred in the huge volumes attained by Melo- 
sira and Cyclotella. 
distribution of this species at the surface at station 
7, and Table 5 shows its occurrence at all the sta- 
During the present study there were three 
distinct pulses of this species. One was in the au- 
tumn of 1950, and one each in the spring and autumn 


Figure 16 shows the seasonal 


tions. 
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of 1951. The species was more abundant on Sep- 
tember 15, 1950 than at any other time during the 
year, with an average volume at all stations except 
station 1 of 710 x 10% #3/]. At this time it exceeded 
all other The 
quickly, however, and by the end of the month the 
average was only 24.2 x 10%43/1, By the end of 
October there was only a negligible quantity remain- 
ing 10° 43/1), Thereafter the 
quantities increased somewhat in the samples taken 
in November and early December. However, during 
January quantities were again negligible, and none 
was found in the samples collected on February 17 
and Mareh 3, 1951. From mid-Mareh to mid-May 
there was a considerably greater volume in the water, 


forms in volume. volume decreased 


(an average of 0.7 x 


the maximum being reached on April 23 at the time 
of the general phytoplankton maximum. At this time 
the average volume was 97.3 x 10° 43/1. Volumes de- 
creased in May to an average of 0.01 x 106 43/] in 
the samples of June 23. During July there was a 
gradual increase of volume, which thereupon built up 
massively from the first part of August to mid-Sep- 
tember, when a maximum of 264.6 x 10 6 #3/] was at- 
tained. By the end of September this average volume 
had decreased to 35.9 x 106 48/1. The absolute max- 
imum for the year was obtained at the surface at 
station 6 on September 15, 1950, where the volume 
was 1,220 x 10%4*/]. Thus the two fall maxima of 
this species were much more massive than the spring 
maximum, and the autumnal peak of 1950 was nearly 
2.7 times as great as that of 1951. 


CHARLES C. Davis 


Ecological Monogranhs 

Vol. 24, No. 4 
(1929a, 1929b) said that it inereased in the eastern 
basin during the period of his investigations until 
mid-September. Steeply increasing quantities were 
indicated in September, 1929 at Erie, Pennsylvania 
by Gottsehall (1930, 1933), and Gottschall & Jen- 
nings (1933) showed maxima in October, 1929, early 
June, 1930 and mid-September, 1930. 

In the western basin Chandler (1940, 1942b, 1944) 
and Chandler & Weeks (1945) did not separate this 
species from other species of the genus. Therefore 
their results also are not strietly comparable to those 
reported here. These authors indicated, however, that 
F. crotonensis was the most abundant species of the 
genus. They described maxima of Fragillaria spp. in 
March, 1939, with 12,000 units/l, in October, 1939 
with 8,000 units, in April to June, 1940 with 9,500 
units, in the spring of 1941 with 76,090 units, in the 
fall of 1941 with 40,000 units, in the spring of 1942 
with 5,000 units, and in the fall and early winter of 
1942 with 86,000 units. In the present study the max- 
imum quantity of F’. crotonensis, obtained on Septem- 
ber 15, 1950 at the surface at station 6, was equivalent 
to 31,200 units. The station average of the autumnal 
maximum of 1950 corresponded to 18,200 units, and 
the 1951 spring and fall maxima corresponded re- 
spectively to 2,500 and 6,800 units. Thus the quanti- 
ties in the two localities were somewhat comparable, 
although some of the results from the western basin 
greatly exceeded any obtained from the Cleveland 
Harbor area. On the other hand, Sullivan (1953) 
indicated that the genus was more characteristic of 








Voree (1881) listed this species as “common central basin samples in 1951 than it was of western 
throughout the year and at times abundant for short basin samples. 
periods, usually in the summer or fall.” Burkholder F. crotonensis is also very important in other 
TaBLe 5. Volume of Fragillaria crotonensis in #3 x 10~°/1 obtained at the several stations. 
SraTIoNn 
Date 1 2 3 4 5 6 7 8 9 
g D Ss D s D $s D s D s D s D 8 D 8 D 
9-15-50 5.4) * | 637.7] * * * * * |919.2/ * /1220 * | 762.7] * * . , * 
9-29-50 1.6] 31.2) 6.2] 28.1] 47.4] 2.2] 18.7] 31.4] 3.4) 0.4] 7.4] 6.0] 73.6] 35.1] 35.7] 48.0] * . 
10-13-50 10.9 0.9 . j . . “ ° ££ | 58.7 3.1 14.9 8.0 5.5 ° ° . 
10-27-50 0.5 ss 3.4 - * * * ° 2.0 0.3 0.2 0.3 0.5 0.2 0.3 ie 0.4 0.1 
11-11-50 0.6 “ * . . . 0.9 6.3 1.0 . 4 23.8 “5 . - “i 
12- y-50 0.02 - 2.6 0.6 * * * * 0.7 2.7 0.7 3.7 7.9 1.6 0.7 0.9 1.6 4.6 
12-21-50 0.2 0.9 * * * * * * * * * * 7: * * * * * 
1- 5-51 - 0.2 0.6 ~ * * * . ° ss . ° ad ei Je ° 
1-20-51 0.3 0.6 0.3 * * 2.8 0.6 0.1 0.1 0.2 0.4 0.4 0.7 0.2 0.9 0.8 
2-17-51 * + = ee * > * * * * . * * * * » . * 
- * » ~ * - - 
0.1} 0.1| 15.6] 9.6] 37.0] 41.6] 78.6] 95.1] 8.3] 2.38] 8.7] 10.9] 21.7] 14.7] 14.3] 12.6] 9.4] 44.2 
0.2} 0.7| 19.8] 49.8] 101.5] 13.3 | 14.7] 29.7] 14.9] 72.0] 11.4] 30.1] 39.8] 54.4] 36.2 | 149.2 | 135.3 | 51.1 
19.6 | 37.7 | 66.4| 75.5 | 79.3 | 126.8 | 202.3 | 190.2 | 24.9] 58.9] 36.2| 72.5] 87.6 | 51.3 | 66.4 | 211.4 | 155.1 | 51.9 
2.2 6.0 | 42.6 | 80.4 ° . ° + 22.6 | 77.7 | 66.3 | 68.5] 58.4] 35.3 . . a . 
eed 9 £9) 87} -* * 31 1.7) 2.4| 7.4] 5.9] 15.1] 5.6] 16.8] 16.2] 14.9] 4.4] - 
0.3 0.5 - * * * * 0.1 * * * * 
BOs 4.4] 04] OS) = 0.7 2.4 1.7] 0.4] 0.1 0.4] 0.5 0.2} 0.7] 0.5) 0.3 
0.4} 06] 3.9] 1.5] * ° 3.91 7.0| 0.4] 3.6] 0.2] 1.4] 1.9] 2.9] 10.3] 2.7] 8.8] 14.6 
0.4 2.1 4.3 | 30.8 . * . . 50.0 | 152.2 | 100.0 | 102.2 | 110.9 | 112.3 . . = . 
1.0 | 197.0} 49.8 | 351.0} * * * * 29.9| 36.2] 16.6 | 203.8| 79.3] 174.4] * * . 4 
9-14-51 176.8 | 159.8 | 101.5 | 657.7 . of . . 4.5 | 161.2 | 46.5 6.5 | 85.2 | 560.9 | 330.2 | 277.2 | 311.6 | 632.3 
9-30-51 8.8 | 114.1] 2.3] 6.5] 113.6] 30.4] * . 17.6] 71.2] 1.2] 2.6] 6.1] 17.9] 15.2] 38.1] 90.2] 90.8 


— none observed. * sample not taken, or lost. 


Symbols: 
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Great Lakes. It was reported by Eddy (1927) to be 


“the most abundant of all the organisms in the 
plankton” in Lake Michigan. Daily (1938) and 


Damann (1940) also found this species to be dom- 
inant in Lake Michigan, but subordinate to Synedra. 
The former deseribed summer and fall maxima, and 
the latter mentioned a pulse in June, 
has been listed as important or abundant in samples 
from Lake Supenor by Eddy (1934) and Taylor 
(1935). Tueker (1948) found Fragillaria in most 
of the samples he examined from the Bay of Quinte, 
Lake Ontario. 
June to the end of August, but there was a great in- 
crease, to 4,616 units/] at the end of his investigation 
in late September, 1945. 
sults therefore are comparable to the seasonal dis- 


The species 


It decreased in quantity from early 


As far as they go, his re- 


tribution and the volume of the maxima obtained in 
the present study. 

5. Other not 
tinguished from one another in making the counts. 


species of Fragillaria were dis- 
Their seasonal distribution was much the same as that 
of F. crotonensis, with spring and autumn maxima. 
As a general rule the number of cells/] of F. 
nensis exceeded the number of cells of the other spe- 
cies by many times, but in many of the samples taken 
during the month of May the numbers were more 
equal, or sometimes with a slightly greater 
quantity of the cells of Fragillaria spp. It was dur- 
ing this month (May) that they attained the maxi- 
mum development for the year, with an average for 
May 12 (exclusive of station 1) of 29,000 eells/l. By 
mid-June, however, although F. 


croto- 


even 


crotonensis Was pres- 
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6. Gyrosigma sp. was encountered only rarely and 
in small numbers during the fall and winter of 1950- 
1951. In mid-March, however, it appeared at sev- 
eral of the stations, with a maximum of 10 eells/] at 
6.5 m at station 4. The samples taken on April 6 in- 
dicated a maximum of 30 eells/l, and an average of 
11 cells/]. At the height of the general vernal maxi- 
mum, on April 28, Gyrosigma also attained its maxi- 
mum, with an average of 125 cells/l. Thereafter the 
averages dropped to 14 cells/] on May 12 and 12 
cells/l1 on May 26. Subsequently it was represented 
only rarely and in small numbers. 

Burkholder (1929a, 1929b) 
in eastern Lake Erie in small numbers (a maximum 
of 13 cells/l). Chandler (1940, 1942b, 1944) and 
Chandler & Weeks (1945) recorded the genus in rela- 
tively small numbers in western Lake Erie. They 
found it throughout the year in 1938-1939, from No- 
vember, 1939 to February, 1940, in September and 
October, 1941, and in August and September, 1942, 
but it never exceeded 3,500 units (cells) /I. 

7. Species of the genus Melosira were the most 
They dominated the 


observed Gyrosigma 


abundant phytoplankters of all. 
phytoplankton at nearly all times of the year, and 
never were entirely absent. Figure 16 shows the 
distribution of the genus at the surface at station 7, 


and Table 6 shows its distribution at all the sta- 
tions. The average volume of all stations except sta- 


tion 1, caleulated from the samples of September 15, 
1950, was 728 x 106 4#°/]. This only slightly exceeded 
the average for Fragillaria crotonensis (see above). 
The average fell quickly, however, and by the end of 
the month it was only 66.4 x 10° 43/1]. During Oc- 





ent in small quantities, Fragillaria spp. were not 
seen at all. tober and early November it rose again. On Octobe 
TABLE 6. Volumes of Melosira sp. in 4? x 107°/] for the severa] stations. 
STATION 
Date 1 2 3 4 5 6 7 8 9 

s D s D s D S D s D g D s D g D s D 
9-15-50 32.7 ” 865 ° . “ . ™ 764 * 862 * 420) ? ° ° ° . 
9-29-50 55.5 87.4 25.5 | 137.2 20.1 28 .3 16.1 43.6 42.3 43.8 | 174 7 32.5 | 184 38.4 | 110 . ° 
10-13-50 50.5 161 _ aj “ ’ ’ 4 208 50.4 71.0 | 273 151 326 . - ° a 
10-27-50 32.6 ° 135 222 . a ” Be 227 165 96.5 148 57.4 153 129 173 62.4 118 
11-11-50 19.5 | 471 78 a3 . . . - 176 444 233 - . 408 bi ba ’ ° 
12- 9-50 0.6 5.6 16.6 9.8 . ns ss ’ 8.1 9.5 6.6 9.2 5.0 13.1 14.4 27.7 13.8 19.8 
12-21-50... 0.6 11 * * * * * * * * * * * ’ * * * * 
1- 5-51 3.8 3.5 49.0 18.9 23.8 25.1 ” ” - - ™ , ” ? . . ° ° 
1-20-51 0.6 8.8 74.8 37.1 “ 24 611 655 39.1 41.0 47.5 40.2 56.5 74.3 79.6 35.7 73.5 92.3 
9-17-51 * * 3:8 3.9 7. . * * * * * * oo - * * * * 
3- 3-51 9.5 8.0 43.7 45.0 ” ° ° “4 4.0 4.3 15.6 9.0 13.3 11.8 31.3 46.2 27.0 35.9 
3-17-51 0.4 0.1 53.4 16.3 15.5 17.1 34.6 51.3 9.6 15.8 17.2 8.3 14.7 18.9 5.7 17.8 17.6 12.3 
4- 6-51 1.1 1.4 63.9 61.9 47.6 | 104 31.2 52.0 18.5 18.7 52.9 42.1 62.7 46.2 | 137 131 78.8 62.7 
4-28-51 53.4 | 222 507 771 562 444 209 465 185 119 733 465 750 649 658 524 943 279 
5-12-51 11.1 41.5 | 936 1033 ” “ 5 ” 643 1229 1342 1500 1022 1041 y = ° ° 
5-26-51 209 ss 344 1455 bs ° 1581 217 241 2009 991 1319 475 1447 2624 1101 1088 1089 
6-23-51 2.3 12.5 4.0 3.6 . ° wa ° 3.5 8.3 6.0 5.4 3.8 Mee = ” =. . 
7- 7-51 18.7 35.5 11.6 13.4 0.5 1.8 2.4 6.0 28.4 41.0 37.7 21.5 56.2 23.5 6.5 5.3 1.3 28.3 
7-21-51 17.7 61.1 128 203 ¥s “2 129 111 40.7 47.5 61.8 62.2 | 173 134 173 230 215 238 
8- 4-51 3.2 5.6 8.5 64.1 > a ai - 9.3 | 230 33.9 99.3 ; 855 393 * s . i 
9- 3-51 7.5 | 933 248 933 ° ° . ° 98.0 | 372 336 613 386 654 . 2 . ” 
9-14-51 225 213 66.6 | 597 be 7 e ¥2 14] 383 358 249 434 603 SS6 1382 716 190) 
9-30-51 99.5 | 583 440 457 792 1297 * “s 1071 920 679 799 1734 1229 2006 1328 1908 1802 

Symbols: - none observed * sample not taken, or lost. 
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13 the average was 180 x 10° 43/1, and on October 27 
and November 21 it was respectively 141 x 10® and 
288 x 10° 3/1. On December 9, however, the average 
volume had dropped to 12.8 x 10® #°/1, and volumes 
remained comparatively low on January 5 (29.2 x 
108 #3/1), January 20 (57.6 x 106 3/1), February 17 
(limited results averaged 3.8 x 106 #8/1), March 3 (24.0 
x 10° 43/1) and March 17 (20.4 x 106 #°/1). An exeep- 
tion to these low winter figures was observed at sta- 
tion 4 on January 20 where the volumes at the sur- 
face and at 6.5 m were respectively 611 x 10° and 
655 x 10%#3/]. Because the figures from this sta- 
tion were so high they were not averaged in with 
the others for that date. 

During the first part of April the average volume 
increased, and the average of April 6 was 63.2 x 
106 43/], By April 28 this was 517 x 10®#3/].  Al- 
though it was high, this volume was exceeded by the 
average volume of Cyclotella sp., which was 735 x 
106 #3/]. The total phytoplankton volume decreased 
after April 28, but the average for Melosira contin- 
ued to increase. On May 12 it amounted to 1,093 
x 106 #3/], and on May 26 it was 1,142 x 106 43/1, 
By June 23, however, it had dropped catastrophically 
to 4.6 x 10%%/]. Thereafter the average volume 
built up steadily, reaching 18.5 x 10° 43/1 on Juiy 7, 
139 x 10®4°/] on July 21, 212 x 106 43/1 on August 
4, 455 x 106 8/] on September 3, 526 x 106 #°/1 on 
September 14, and 1,176 x 1063/1 on September 
30. The last figure was the highest attained at 
any time during the year. The absolute maximum 
for a single sample \‘as obtained at the surface at 
station 8 on May 26, when the volume of Melosira 
amounted to 2,624 x 108 #3/]. 

Other investigators have found Melosira an im- 
portant or dominant diatom in Lake Erie. Vorce 
(1881) reported it “very abundant in fall, and more 
or less common during all the year” in Cleveland’s 
water supply. It was called “the most common genus” 
in and near the mouths of several Ohio rivers trib- 
utary to western and central basin waters in 1951 by 
Sullivan (1953). Burkholder (1929a, 1929b) listed 
it among the most conspicuous forms, but subordinate 
to Tabellaria, Fragillaria and Asterionella. His sur- 
vey in the eastern basin covered a limited time, and 
showed no period of particularly great abundance. 
Gottschall (1930, 1933) also studied only a limited 
period of the year. He reported a steady increase 
of Melosira from mid-July to mid-September but the 
units were not clearly defined, and therefore his re- 
sults are not quantitatively comparable to those re- 
ported here. Similarly, Gottschall & Jennings (1933) 
presented results that cannot be compared quantita- 
tively. The data of these authors indicated a pulse 
of Melosira from mid-August to mid-October, 1929, 
and another smaller peak in May, 1930. They also 
showed increased quantities, which could hardly be 
called pulses, in the autumn and the spring of 1931. 

Chandler (1940, 1942a, 1944) and Chandler & 
Weeks (1945) have described the occurrence of this 
genus in the western basin of Lake Erie, with regu- 
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lar fall maxima of 68,000 to 394,000 units/]. Spring 
maxima oceurred in some years, and amounted to 
25,000 to 45,000 units, but in other years spring 
maxima did not occur. In the present results for 
the Cleveland Harbor area, the maximum for the 
simples studied was 149,700 units at the surface at 
station 8 on May 26, 1951. The average of all sta- 
tions except station 1 in the spring maximum of 
1951 was 65,100 units, and the average in the autumn 
of 1951 was 67,100 units. Thus the spring maximum 
far exceeded anything found in the western basin 
by these authors, but only in September of 1940 
(68,000 units) were their autumn results as low as 
those reported here. 

Elsewhere in the Great Lakes, Eddy (1934) listed 
the genus “abundant” and Taylor (1935) listed it 
“sienificant” in Lake Superior. Daily (1938) in- 
cluded Melosira as one of the dominant diatoms of 
Lake Michigan, with a peak in May, and Eddy (1927) 
listed it as abundant in October, 1926. Tucker 
(1948) found that it “contributed the greatest per- 
centage of diatoms during the summer” in Bay of 
Quinte, Lake Ontario. There was a maximum of 
6,337 units/l in June, and 8,766 units in July. There 
was no peak during August and September. Tuck- 
er’s figures fall far below those for the Cleveland 
Harbor area, but perhaps this would not be true if 
he could have begun his study earlier in the season 
and continued it later. 

8. In the present counts “naviculoids” consisted of 
several genera of pennate diatoms, among them 
Navicula and Synedra. Adequate distinctions could 
not be made among the several forms, and they were 
grouped together. Naviculoids were practically ab- 
sent from the plankton during the fall of 1950 and 
during the winter. In March, 1951 they began to 
appear more regularly, after which they increased 
gradually until April 6, when they averaged 48 cells/1. 
During the vernal phytoplankton maximum of April 
28 the average had increased to 12,300 cells/l. Vol- 
umes were not determined, but the species that was 
abundant on this date were so small that they would 
not have affected the total volume appreciably. On 
May 12 they had decreased to an average of 970 
cells/l, and on May 26 to 770 cells/l. Thereafter 
they decreased greatly, and remained in relatively 
small quantities during the rest of the period of in- 
vestigation. During the fall maximum of 1951 they 
were virtually absent. 

Investigators studying the eastern basin of Lake 
Erie have not found naviculoids abundant. Chand- 
ler (1940, 1942b, 1944) and Chandler & Weeks (1945) 
described Synedra as the most important of the navic- 
uloids in the western basin. It characteristically 
formed spring pulses of 17,000-202,000 units (cells) /I. 
Thus the average number of cells in the spring maxi- 
mum described above for the Cleveland Harbor area 
was comparatively small. During this spring maxi- 
mum the absolute maximum, obtained at the surface 
at station 9, was 25,960 cells/I. 

In passing, it should be stated that Sullivan (1953) 
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observed larger quantities of Synedra in the river 


mouths than in the open lake in 1951. A similar 
horizontal distribution of naviculoids was observed 


in the present investigation in samples collected on 
several of the trips, but on other trips the reverse 
was the case. 

Synedra is among the most abundant diatoms of 
Lake Michigan. Damann (1940) estimated that it 
averaged 39% of the total diatoms throughout the 
year, with a pulse of 1,648,000 cells/] in June, 1938 
and of about 420,000/1 in May, 1939. Eddy (1927) 
reported 200,000/1 in May of 1927. A May maximum 


of 1,648,000/1 was reported by Daily (1938) at 
Evanston. The genus also is important in Lake 


Superior (Taylor 1935), and Tucker (1948) indi- 
eated a maximum of 1,730 units/l] in the Bay of 
Quinte, Lake Ontario in June. 

9. Rhizosolenia eriense H. L. Smith, a small, trans- 


‘ 
€ 


parent diatom, may have been overlooked when pres- 
ent in small numbers. It was observed only during 
the colder months, never in quantities greater than 
one specimen in one ml of the sample (and hence 
not more than 5 specimens/! of the lake water). 
It was seen only at two stations on December 9, 1950, 
at two stations on March 17, and at three stations on 
April 6. 

Lake Erie at Cleveland is the type locality for 
this species (Smith 1878). This genus and others, 
most of whose species are marine, and which oceur in 


Lake Erie primarily in the colder months of the 
year, were used by Vorce (1880) as supporting evi- 


dence for his hypothesis “that all these forms are 
survivors of the cold [salty] seas, and were, perhaps, 
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Voree (1881) listed R. eriense as common in the Cleve- 
land water supply. Chandler (1940, 1942b, 1944) 
and Chandler & Weeks (1945) reported the species 
more important in the cold months than at other 
times of the year, though they recorded one pulse 
from mid-June to early July, 1940 when the maxi- 
was 3,500 units/]. Winter maxima eXx- 
eceded 3,000 units (their unit + The 
colder waters of Lake Michigan and Lake Superior 


mum never 


was cells). 
apparently contain greater growths of R. eriense than 
Lake Erie. An average for the year of 40,000 cells/] 
was reported by Daily (1938), at Evanston with a 
maximum of 294,000 cells/] in May, 1938. Accord- 
ing to Damann (1940), it constituted 1% of the total 
diatom population at Evanston in 1938-1939. Taylor, 
(1935) deseribed it as “important” in Lake Superior. 


< 


10. Stephanodiscus sp. occurred throughout the 
vear except in the samples of May 26 and June 23, 
1951, but was in greatest abundance during the 


autumnal maximum of 1951, when the average of all 
stations except station 1 was 52.5 x 10° #3/], There 
were other peaks of abundance, however, on November 
11, 1950, when the average was 22.9 x 106 #?/], and 
January, with an average of 21.1 x 106 #3/} 


on Jan- 


uary 5 and 16.4 x 10°#%/] on January 20. At 
other times the genus was not well represented 
in the samples but there were apparently small 
increases in abundance in the fall of 1950 and in 
the spring of 1951. Figure 17 shows its seasonal 
distribution at the surface at station 7, and Table 
7 shows its distribution at all the stations. The 


absolute maximum for the year occurred at 6.5 m at 
station 8 on September 30, 1951, where the volume 











the chief forms then prevalent in those waters.” was 119 x 10% ##/]. 
TABLE 7. Volumes of Stephanodiscus sp. in w® x 10~°/] for the several stations. 
STATION 
Date 1 2 3 4 5 6 7 8 ) 

5 D Ss D s D S D 5 D Ny D 8 D § D PS) D 
9-15-50 7 * * * * * * * * * * * > 
9-29-50 1.5 3.6 1.9 7.3 1.6 4.2 4.2 4.6 0.6 1.3 2.0 2.1 2.8 6.4 1.0 5.6 . . 
10-13-50 0.2 2.3 . * . 54 . . 2:7 | 2.3 4.0 1.4 0.5 2.2 ? . . ” 
10-27-50 0.4 * 13 , . . . 1.5 1.6 12 1.9 1.8 1.9 1.9 1:3 0.7 12 
11-11-50 0.8 | 14.4 . . . . . 12.2 8.4 16.3 . . 33.4 * . . . 
12- 9-50 0.3 1.5 1.3 ° . ° . 0.9 0.7 1.4 1.3 0.5 0.7 2.0 27 1.6 1.1 
12-21-50 * * * * * * * * * * * * * * * 
1- 5-51 0.8 g 14.9 12.2 22.0 - . 4 rm 9 . . . ™ : - - 
1-20-51 0.4 5.1 a 15.2 ° bi 25.8 68 | 12.7 fie 13.5 | 18.0] 19.4] 18.9 15.8 | 16.5] 23.9] 20.3 
2-17-51 * * uf 0.4 * * * * * * * * * * * * * * 
3- 3-51 0.5 . . ® 0.2 0.1 0.5 0.2 0.3 0.6 0.1 0.2 0.1 0.1 
3-17-51 0.2 1.1 1.7 3.1 2.0 4.3 8.9 1.1 0.9 1.0 0.9 cs 0.9 1.0 1.3 1.3 1.8 
4- 6-51 0.2 0.2 2.9 2.3 3:2 5.1 2.4 7.5 0.6 6.8 2:7 4.1 5.6 4.9 6.8 7:3 10.3 5.8 
4-28-51 0.8 0.8 §.3 5:3 2.3 6.1 5.3 1.5 23 1.5 2.3 1.5 4.6 6.1 6.1 $.6 | 10.6 72 
5-12-51 0.1 0.1 1.6 1.9 . + * * 0.6 0.9 0.6 1.3 0.4 1.5 e . ° . 
5-26-51 * * . 
6-23-51 * * * * * * * 
7- 7-51 0.1 0.1 0.2 0.5 0.2 0.1 0.1 0.2 0.3 0.7 0.8 0.2 1.0 0.2 0.6 0.3 0.6 
7-21-51 0.1 0.3 1.2 2.9 * * i4 1.2 0.3 0.4 0.3 0.5 0.9 1.7 2.0 33 3.5 2.5 
8- 4-51 0.1 0.1 0.2 ? “s ” . 0.2 1.1 0.8 0.9 I 1.4 . : ° ’ 
9- 3-51 2.3 4.6 * * * * 3.0 1.5 3.0 6.1 ° ° . * 
9-14-51 0.9 6.8 1.4 4.0 * * ’ * 1.4 7.0 2.4 2.3 4.3 6.2 4.9 5.2 37 7.6 
9-30-51 2.4] 16.5] 31.6] 25.6] 45.1] 38.9 . * 23:5'| 27.0'| 36:7'| 84,1 143.2 | 28.7 | 108 119 94.6 | 60.8 

Symbols: none observed. * sample not taken, or lost. 
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Fig. 17. Volumes of Stephanodiscus sp. and Tabellaria 
sp. at the surface at station 7 during the year Septem- 
ber, 1950 through September, 1951. 


Vorce (1881) observed Stephanodiseus throughout 
the year at Cleveland, although never abundant in 
summer. In winter “it often formed the bulk of the 
gathering.” The genus was of little importance dur- 
ing Burkholder’s (1929a, 1929b) period of investiga- 
tion in the eastern basin of Lake Erie. There was a 
maximum of 1,510 cells/] in mid-August, but most 
samples indicated much smaller populations. Gott- 






CHARLES C. Davis 


Ecological Monographs 

Vol. 24, No. 4 
over 100,000 cells/l at the end of October, 1929. This 
pulse was shown by Gottschall and Jennings (1933) 
to continue during the ensuing winter season, and 
they indicated a similar maximum in the fall and 
winter of 1930. Chandler (1940, 1942b) reported an 
autumnal pulse consisting of approximately 95% 
Stephanodiseus in 1938, with a maximum of 251,000 
units (cells)/l. Smaller pulses occurred in April, in 
the autumn of 1939 and in August to September of 
1940, but the maxima did not exceed 18,000 cells/I. 
In the present results, the maximum number of 
cells/1 was 7,800 at 6.5 m at station 8 on September 
30, 1951. Thus the populations in the Cleveland 
Harbor area during 1950-1951 were small compared 
to those that have been noted in both eastern and 
western basins. 

Stephanodiscus has not been of great importance 
in the other Great Lakes. Eddy (1927) reported a 
maximum of only 500/] in Lake Michigan in 1927, 
and according to Damann (1940) it constituted only 
0.3% of the total diatoms at Evanston, Lake Michi- 
gan. It was “nowhere important” in Lake Superior 
(Taylor 1935). 

11. Tabellaria spp. were more abundant in the fall 
of 1950 and in the spring of 1951 than at other times 
of the year. The genus was not observed at the 
regular stations from mid-October, 1950 to mid-Janu- 
ary, 1951. The average volume of all stations except 
station 1 was 9.0 x 106 #3/1 on September 15, 1950, 
but by the end of the month the volume had decreased 
to an average of 2.9 x 10° “3/1, and thereafter to even 
lower values. Volumes began to increase steadily dur- 
ing Mareh and April, and the average was 14.0 x 





schall (1930, 1933), on the other hand, estimated 10% 3/] at the height of the general vernal phyto- 
TABLE 8. Volumes of Tabellaria spp. in »® x 10~°/] for the several stations, 
STATION 
Date 1 2 3 j 5 6 7 8 9 
- - a sai Ee — 
| 

$ D B41 -D $s D s D s D s D S D S D| 8 D 

9-15-50 *\) ss4 * | « , * 49] * 7.9] * 17.1 ' * * | * . 

9-29-50 0.8) 0.6 1.7 1.2 5.9 5.5 1.1 1.5 1.1 2.0| 6.1 0.8 1.4 3.6 4.1 4.0| * ' 

10-13-50 "i . . “ * 0.1 0.1 0.03 Lo; °* | = a es 

10-27-50 - | “ | * * * * a io 

11-11-50 . * | * * + . * * * * | * 

12- 9-50 . * * . - 

12-21-50 : * * * * * * * * * * * * * * * . 

1- 5-51 * * » » + * * * . . * , * 
1-20-51 0.1 0.01) 0.04) * | * 0.9 0.03} 0.1 0.1 0.1 0.1 | 1.1) 0.1 

2-17-51 * * 0.1 | * * * * * * * * * * * | . * s 
3- 3-51 3.6 2.4 “6 ” . . 0.1 0.1 1.1 0.5 1.1 0.8 2.9 2.0 17 2.8 
3-17-51 0.03} 0.3] 12.2] 8.8] 12.1 6.2 7.6 | 16.8 4.9] 4.5] 0.9 2.2 6.5 4.0| 2.2 1.5] 10.4] 6.6 
4- 6-51 0.1 1.0] 6.8] 10.2] 11.4 9.0| 6.5] 2.5 1.3 8.1 77 5.9 6.5 6.5 | 15.2] 10.8} 9.0] 4.9 
4-28-51 0.4 0.7| 12.2] 16.3] 15.3] 24.5] 36.7] 9.9] 1.2 2.0| 16.3 | 15.3 | 10.6] 16.3 4.0] 12.2 | 17.0] 14.6 

5-12-51 0.6 [21 O81 6) * * * * | 6.6| 5.1 8.8 6.24 19.1 5.9 * ? ss F 
5-26-51 6.5 . 21.4; 65.4) * “4 30.6 | 14.8] 10.9 | 24.8 | 148 35.0 | 44.8 | 52.5 | 163 123 5y.9 | 77.1 

6-23-51 0.2) 03] O11] 0.5 , * * * 0.7 1.5| 0.4 92) 97] oa * > ae es 
7- 7-51 0.1 0.1 0.01 0.3} 0.2 0.4 0.6 0.3 | 0.03) 0.1 0.1 0.2 0.2) 0.1] } 0.1 0.2 0.2 
7-21-51 0.2 : * * 0.1 0.1 | 0.1 0.1 0.1 0.1 0.1 | 0.1) 0.2 

8- 4-51 0.1}; * : * * 0.1 0.8) 0.2] 0.3] 0.1 0.2] * . E 

y- 3-51 | 0.4} i Sa * * 0.3} 0.1 0.2 | ° ? . : 
9-14-51 03°01] 02] 07) * . . . 01] 86) 02] O8|- 02] 33] 07] 27} 0:6) 1 
9-30-51 0.03) 0.5] ? 0.3 0.7 0.3 * * 0.1 ? 0.2} 0.5 v.2 0.4 1.1 0.5| 0.4] 0.9 
| > 7am 








Symbols: - none observed. * sample not taken, or lost. 
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plankton maximum on April 28, 1951. On May 12 
the average volume had decreased to 8.6 x 108 “3/1, but 
on May 26 it reached the highest point of the year, 
with an average of 62.2 x 10%3/], After this date, 
however, the average volume was always less than 
1 x 10®43/]. The absolute maximum occurred at the 
surface at station 8 on May 26, where the volume was 
163 x 10®4/], Figure 17 shows the seasonal distri- 
bution of Tabellaria at the surface at station 7, and 
Table 8 shows its distribution at all the 
stations. 

Voree (1881) described Tabellaria as common in 
the Cleveland water supply except in the fall. Burk- 
holder (1929a, 1929h) found it to be the most prom- 
inent phytoplankter during the summer, increasing 
to a maximum in early September. Similarly, Gott- 
schall (1930) reported the genus rather important at 
Erie, Pennsylvania, with a peak abundance in Sep- 
tember and October, 1929. Gottschall & Jennings 
(1933), in addition to the autumnal peak of 1929, 
showed much greater pulses in May to June, 1930 
and in May, 1931. Observations of Chandler (1940, 
1942b, 1944) and Chandler & Weeks (1945) indi- 
cated regular spring maxima of this genus in west- 
ern Lake Erie, with peaks of 11,000 units in March, 
1939, 47,000 in May, 1940, 12,000 in late April, 1941 
and 10,000 in March, 1942, Verduin (195la) noted 
a spring pulse in 1949 consisting 97% of T. fenes- 
trata. The maximum attained by the pulse was 
16,000 x 1063/1. In comparison, the greatest num- 
bers of Tabellaria in the present survey (at the sur- 
face at station 8 on May 26, 1951) correspond to 
12,300 units/] (163 x 10°43), The average for May 
26 was 4,700 units/] (162.2 x 10° #3), and the average 
for the peak in September, 1950 was 680 units/1 
(9.0 x 10°48), Thus the spring maximum was sim- 
ilar to that in some years in western Lake Erie, but 
was much lower than that of other years. 

Elsewhere in the Great Lakes the genus has been 
recorded as abundant in Lake Superior by Eddy 
(1934) and Taylor (1935). In Lake Michigan, Eddy 
(1927) reported it “one of the most abundant or- 
ganisms in the plankton,” with a maximum of 143,000 
(cells?) per liter in May, 1927. Both Daily (1938) 
and Damann (1940) found the genus to have a max- 
imum at Evanston in July. Damann ecaleulated it to 
constitute 11% of the total diatoms. Tucker (1948) 
estimated the genus to be second in abundance only 
to Melosira in the Bay of Quinte, Lake Ontario in 
1945. The maximum amounted to 6,417 units in 
mid-June. 


seasonal 


SEASONAL DISTRIBUTION OF THE CHLOROPHYTA 
1. Actinastrum hantzschii Lagerheim oceurred only 
rarely and in small numbers during most of the year. 
In July, however, there was a small pulse. The spe- 
cies occurred in small numbers, but regularly, in the 
samples collected on July 7. On July 21 there was 
an average of 100 colonies per liter (on this date 
there were only minimal numbers, however, at sta- 


tion 4). By August 4 the species had all but dis- 
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appeared from the plankton, The absolute maximum 
was obtained at the surface at station 7, on July 21, 
where there were 312 colonies per liter. Only Chand- 
ler (1940, 1942b) has previously reported the genus 
Actinastrum quantitatively from Lake Erie. His au- 
tumn maxima, amounting to 1,200-6,000 units/] (his 
unit was presumably a colony of cells), were consid- 
erably above those reported here, and the season of 
appearance also differed. 

2. Ankistrodesmus sp. occurred mainly during the 
spring months of 1951. In the fall of 1950 it was 
not observed, and it occurred only sparingly until 
the first of March. On March 3 the average of all 
stations except station 1 was 117 eells/l. On March 
17 it was 631 eells/1; on April 6 it was 545; on April 
28 it was 646; on May 12 it was 2,300; and on May 
26 it was 530 cells/l. In June and early July there 
were few specimens, but there was a small increase 
to an average of 29 cells/l on July 21. Thereafter 
it was rare, and was not encountered at all in the last 
half of September, 1951, with the exception of a 
single record at station 1. 

Chandler (1940, 1942b, 1944) and Chandler & 
Weeks (1945) also reported spring maxima of this 
genus, with peaks of abundance ranging from 600 
to 10,000 units/l (their unit—6 cells). For the most 
part they found much greater maxima than that of 
this study. A mid-May collection was reported by 
Eddy (1927) in Lake Michigan, amounting to 1,350/1. 
Daily (1938) collected the genus at Evanston, but he 
found it in such small numbers that seasonal fluctua- 
tions were not clear. 

3. Botryococcus sp. occurred regularly, but in small 
numbers, in the autumn of 1950 and in the summer 
and autumn of 1951. During the winter and spring 
no records were obtained of this genus. There was 
an average of 13 colonies/| at the end of September, 
1950, inereasing to 18 colonies/l by mid-October, By 
the end of October the average had fallen to 4 colo- 
nies/l, and thereafter none were observed until late 
June, when an average of 15 colonies/] was estimated. 
Thereafter it occurred regularly, reaching maximum 
quantities in early August (23 colonies per liter) and 
at the end of September (26 colonies/l). The abso- 
lute maximum of 56 colonies/l was collected at the 
surface at station 6 on September 29, 1950. At 6.5 
m at station 5 and at the surface at Station 9 on 
September 30, 1951, 54 colonies/l were obtained. 

This genus was reported by Burkholder (1929a, 
1929b) in the eastern basin of Lake Erie, but never 
as common except in one instance in mid-September, 
when he estimated 500/]. Chandler (1940, 1942b, 
1944) and Chandler & Weeks (1945) observed it 
sparingly during the summer and fall months. Their 
greatest maximum was 2,000 units (colonies)/] in 
1940. It was recorded by Eddy (1927) in small 
numbers in Lake Michigan, and Taylor (1935) found 
it “s'gnificant” in Lake Superior. 

4. Closterium spp. appeared only very sparingly in 
all seasons except summer. Chandler (1940, 1942b, 
1944) reported the genus in the warm months, but 
never in quantities greater than 1,200 units/1. 
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5. Coelastrum sp. was seen only in the fall, 1950, 
and in very small numbers. Chandler (1940, 1942b, 
1944) and Chandler & Weeks (1945) found the genus 
in the summer and autumn in western Lake Erie, with 
yearly maxima from 1,000 to 1,700 units. 

6. Cosmarium sp. was observed only during 
tember, 1951. On September 3 it was found in mini- 
mal numbers only. On September 14, although it was 
absent from several samples, the average of all sta- 
tions except station 1 was 11 cells/]. On September 
30 it averaged 44 cells/l, and was seen in all of the 
samples. Chandler (1940) reported it in small num- 
bers in the spring and summer of 1939 in the west- 
ern basin of Lake Erie, with a maximum of 600 units. 
In subsequent reports from the area by the same 
author there is no mention of the genus. Burkholder 
(1929a, 1929b), Gottschall (1930) and Gottschall & 
Jennings (1933) reeorded it in small numbers in the 
sastern basin. 

7. Dictyosphaerium pulchellum Wood was collected 
in smal] numbers in all seasons, but was significant 
only in late summer and fall. At the end of Sep- 
tember, 1950 the average of all stations except sta- 
tion 1 was 100 colonies/l. By mid-October the aver- 
age had dropped to 39 colonies/l. Thereafter it oc- 
curred only occasionally and in small numbers until 
August 4, 1951 when it averaged 15 colonies/]. In 
mid-September, 1951 it averaged 46 colonies/1l, and 
at the end of the month the average had reached 148 
colonies/]. The absolute maximum occurred at 6.5 
m at station 8 on September 30, 1951, with 364 colo- 
nies/]. Thus, the genus was one of the more im- 
portant of the green algae in the plankton. 

This species has been reported in very small num- 
bers by Burkholder (1929a, 1929b), Gottschall (1930) 
and Gottschall & Jennings (1939) from the eastern 
basin of Lake Erie. Chandler (1940, 1942b, 1944) 
and Chandler & Weeks (1945), without distinguish- 
ing species, reported the genus in summer and-fall 
in the western basin, with fall maxima from 6,400 to 
32,000 units/l. Eddy (1927) described D. pulchellum 
as “quite common” in Lake Michigan in 1926-1927, 
with a maximum of 112 colonies/] in mid-July. 

8. Odcystis sp.ywas present at the end of Sep- 
tember, 1950, with an average of 144 cells/]. In mid- 
October the average dropped to 25 cells/1l, and there- 
after it occurred only very sparingly during the re- 
mainder of the fall, and not at all during the winter. 
In the spring of 1951 it appeared sparingly again, 
but it began to oceur in larger numbers in the sum- 
mer, reaching a maximum in the fall. The average 
for the first part of July was 77 cells/l. In the latter 
part of July the average was 646 cells/l. In the first 
part of August it was 390 cells/I]. On September 3 
it was 1,375 cells/l. On September 14 it was 2,134 
cells/1, and on September 30 it was 3,988 eells/l. The 
number of cells per colony varied, being smaller on 
the average in the fall of 1951. The absolute max- 
imum occurred at 6.5 m at station 8 on September 
30, 1951, with 13,498 cells (4,153 colonies) /1. 

Burkholder (1929a, 1929b) listed Odcystis as “prev- 
alent” in the eastern basin, with larger numbers in 


Sep- 


CHARLES C. Davis 








Ecological Monographs 
Vol. 24, No. 4 


Gottschall (1930) 
and Gottschall & Jennings (1933) reported the genus 
during July, August and September with maxima of 
about 1,200 (colonies?) in mid-July and early Sep- 


early summer and in September. 


tember. It was recorded in the summer and fall 
months in the western basin by Chandler (1940, 1942b, 
1944) and Chandler & Weeks (1945), with autumnal 
maxima of from 1,000 to 20,000 units (colonies). 
Thus, the 1951 maximum for the present study is 
lower than the usual western basin fall maximum, but 
higher than that reported in the eastern basin. 

9. Pediastrum boryanum (Turpin) Meneghini ap- 
peared sparingly in all seasons except the autumn of 
1950. It was very seldom seen in the winter, how- 
ever. Burkholder (1929a, 1929b) reported this spe- 
cies to be the most common of the genus in the 
eastern basin of Lake Erie, though it was “at no time 
very conspicuous.” His maximum was 40/l. The 
species also was reported from the western basin, but 
it was not distinguished from other species of the 
genus in the counts. 

10. Pediastrum duplex Meyen, and other species of 
the genus, commonly oceurred with both living and 
empty cells in a single coenobium. In the present 
study, coenobia were counted, and in addition sepa- 
rate counts were made of living and of empty cells. 
The volumes reported here are based upon the living 
cells only. Figure 14 shows the seasonal distribu- 
tion of P. duplex at the surface at station 7, and 
Table 9 shows the distribution at all the stations. 
The average of all stations except station 1 was 5.5 x 
10° 48/1 in mid-September, 1950. Average volumes 
fluctuated, but remained somewhat similar until mid- 
November. In early December the average volume 
was only 1.1 x 1063/1, and in early January it had 
dropped to 0.5 x 10®°#3/]. Thereafter, few examples 
of this species were observed until June 23, 1951, 
when they were present in all samples, On this date 
the average was 0.7 x 10%#3/]. In late July the 
volumes had risen appreciably, and fluctuated until 
the end of September, when they rose sharply to the 
maximum of the year, attaining an average of 13.1 x 
106 43/1, Thus this species occurred both in the sum- 
mer and in the fall, but reached its maximum, and 
was quantitatively important, only in the fall. 

The species is listed by Gottschall & Jennings 
(1933) as the most abundant of the genus during 
their studies in the eastern baisn of Lake Erie, They 
showed maxima of “algae” in the fall of the year. 

11. Pediastrum simplex Meyen was the most 
abundant species of the genus in the present studies. 
Figure 15 shows the seasonal distribution of the spe- 
cies at the surface at station 7, and Table 10 shows 
its distribution at all stations. The seasonal distri- 
bution is similar to that of P. duplex, except that dur- 
ing the entire year there were much greater quantities 
of P. simplex. In mid-September, 1950 the average 
volume of all stations except station 1 was 22.5 x 
10° 43/1, During the decline of the general autumnal 
phytoplankton maximum the quantities of this species 
increased, At the end of September the average vol- 
ume was 39.5 x 10° #3/]l, and in mid-October it was 
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TABLE 9. Volumes of Pediastrum duplex in »8 x 107°/1 for the several stations. 





STATION 
Date 1 2 3 4 5 6 7 8 y 
f D $ D 8 D § D § D 8 D 8 D Ss D s D 

9-15-50 * 7.4 * ~ * ” * * » 4.8 * 7 * * 
9-29-50... .. 0.9 0.8 1.8 ef 2.2 0.8 2.8 ba 1.8 rf 2.2 1.8 2.8 9.4 1.7 . 
10-13-50 1.2 1.3 " * . sa , 10.7 8.4 7.6 6.5 1.5 5.2 ” ° " ° 
10-27-50 . 1.2 9.9 ” . ° . 1.9 0.8 2.6 1.3 1.4 1.9 5.1 mal os) 2:3 
11-11-50 0.7 5.4 bd “ ° = ig 4.4 2.9 4.5 = , 10.8 - * ™ * 
12- 9-50 0.4 0.3 ° . . ‘i 2.7 0.3 0.5 1.9 0.6 1.0 0.5 3.2 1.1 ? 
12-21-50 * * + . * * * + x * * * * - 
1- 5-51 0.2 6.2 0.8 0.7 7. * * 7 * 7 * * ' . ¥ . 
1-20-51 

to encountered irregularly and in smal! quantities only 
5-26-51 f 
6-23-51 0.03 0.3 0.2 1.3 bt . - . 0.2 0.5 1.3 1.0 0.5 0.7 : 5 > 
7- 7-51 0.2 0.5 0.5 0.8 0.3 0.6 0.1 0.4 0.2 0.6 0.3 0.7 0.4 0.7 0.7 0.7 0.2 0.2 
8- 4-51 1.1 0.3 0.7 1.8 : . - . 7.9 1.7 2.8 7.4 9.1 8.4 * . * ° 
9- 3-51 3.8 if 4 . = 2.0 1.3 1.1 2.1 1.9 is J 25 ™ 
9-14-51 0.5 0.8 1.0 i * . 2.2 1.4 3.1 1.9 4.3 1.8 2.7 2.9 1.3 4.3 
9-30-51 2.5 Y # 6.8 $.2 6.2 5.2 ” = 21.8 14.9 14.0 17.4 14.8 10.7 26.7 12.9 6.3 22.0 

Symbols: - none observed. * sample not taken, or lost. 


at the maximum for the season, namely 192 x 10° #3/]. ume increased to 3.9 x 106 43/1. By mid-September it 
In late October the average had decreased to 25.7 x had increased greatly to 81.7 x 10°#°/1, and at the 
10° 43/1, but by November 11 it had risen to 107 x end of the month the average was at its high for the 
10° 48/1, By the first part of December the average year, namely 315 x 10° #°/l, The absolute maximum 
volume was only 7.7 x 10° 48/1, and thereafter during was at\6.5 m at station 8 on this date, where it was 
the winter, spring and summer months it occurred 510 x 10° 4/1. 

only in relatively small quantities, although with con- 3urkholder (1929a, 1929b) recorded P. simplex 
siderable regularity. During this period moribund for only a few samples, with a maximum of 40/1 in 
coenobia were observed regularly, at times in rather the eastern basin. Gottschall (1930, 1933) and Gott- 
large numbers. In early September the average vol-  schall & Jennings (1933) also listed the species. The 


TABLE 10. Volumes of Pediastrum simplex in w*® x 107~°/] for the several stations. 











STATICN 
Date 1 2 3 } 5 6 7 8 9 
S D 8 D S D § D 8 D S D S D 8 D Ss » 
9-15-50 . 29.2 “ ° . . ” 35.7 ” 17.6 ° fon . 7 - . 
9-29-50 18.7 83.0 34.4 70.2 50.6 12.1 20.6 14.3 18.3 11.4 95.3 39.2 59.4 54.0 54.8 18.2 : Eb 
10-13-50 16.4 246 ° ° . ° . i 209 126 196 187 139 298 . * * * 
10-27-50 3.4 10.5 39.3 . ‘4 ” ¥ 27.7 28.7 26.4 22.1 12.1 24.1 21.5 29.4 21.7 14.7 
11-11-50 6.8 | 114 87.2 ™ . ? " 95 176 97.5 99.8 ' ° 73.1 5 ? 2 
12- 9-50 0.2 2.3 15.8 5.9 "g ° ° = 3.3 2.4 4.1 10.4 4.3 bE 7.3 7.8 11.3 8.0 
12-21-50 0.5 1.0 * * * * * 7 * 7. * ” * * * o - * 
I- 5-51 0.3 0.2 * ? * * * * * * * * * 
1-20-51 0.1 0.6 0.2 ‘ * 0.1 0.02 0.03 
9-17-51 * * * * * * * * * * . . * * * * 
3- 3-51 0.1 . 5 . : 0.1 
3-17-51 0.1 0.1 0.01 0.1 0.03 0.3 0.1 0.1 
4- §-51 0.2 0.1 0.8 0.1 0.1 0.2 0.01 0.1 0.1 0.1 0.1 
4-28-51 1.7 0.7 
5-12-51 3.3 0.4 0.2 0.3 * * ° ° 0.3 0.03 0.1 e 1g * ° 
5-26-51 0.3 - 0.2 0.2 * ° ? 
0.4 * * . . 0.1 0.04 * * * * 
0.2 1.0 0.2 0.03 0.1 0.2 0.1 0.1 0.03 0.1 0.1 
0.1 0.4 0.5 6.9 ™ . 0.1 0.1 0.3 0.4 0.02; 0.2 0.2 0.2 0.1 0.2 0.1 
0.2 0.1 0.01 0.3 * ° . e 0.1 0.3 0.1 1.3 0.4 0.2 * * * * 
0.3 1.1 2.2 . e ? hg 2.6 4.5 1.9 2.6 10.7 5.6 ° * + * 
19.6 29.7 27.8 20.9 . . as . 61.0 94.7 | 129 18.9 | 103 132 91.6 | 145 49.2 76.8 
9-30-51 105 207 238 257 4199 292 * *. 360 385 296 354 261 327 286 10 235 201 
Symbols: - none observed. * sample not taken, or lost. 
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former reported a maximum of 600/] of all species 
of Pediastrum. Chandler (1940, 1942b, 1944) and 
Chandler & Weeks (1945) did not distinguish in 
their counts among the four species of the genus that 
they listed. They reported the first appearance of 
the geuus in June of each of the years they investi- 
gatec, with continued occurrence until October, No- 
vember or December. Maxima, usually in July, 
amounted to 3,300 to 5,500 units (colonies)/l. In 
comparison, in the Cleveland Harbor area, at the 
height of the 1950 maximum for P. simplex on Oc- 
tober 13, the average number of living coenobia was 
15,150/1, with an absolute maximum for the date of 
21,400 at 6.5 at station 7. At the height of the 
1951 maximum on September 30, the average num- 
ber of colonies per liter was 22,000, with an absolute 
maximum for the date and for the year of 32,000 at 
the surface at station 8. Thus, in the Cleveland Har- 
bor area, both in 1950 and 1951, the maximum of 
Pediastrum occurred later in the year, and produced 
a much greater number of coenobia than has been 
reported elsewhere in Lake Erie. In this connection 
it-is interesting to note that Sullivan (1953) found 
larger numbers of Pediastrum in river mouths in the 
western basin than in the central basin. He did not 
give detailed quantitative evidence, however. 

12. Species of the genus Scenedesmus were never 
observed in more than minimal quantities. Their 
occurrence was so scattered over the year that definite 
conclusions are impossible as to the normal seasonal 
distribution. They did occur more regularly in the 
last half of September, 1951 than at any other time 
during the investigation. Other investigators in Lake 
Erie, and also in the other Great Lakes, found the 
genus in small numbers only. Chandler & Weeks 
(1945) reported a maximum of 4,700 units/] in west- 
ern Lake Erie. The unit they used was volumetrically 
very small. They indicated a much larger production 
than that calculated in the present study, where the 
maximum was 16 units/I. 

13. Staurastrum paradoxum Meyen occurred 
throughout the year, but only in small numbers dur- 
ing the winter and spring. Maxima were produced 
each autumn. At the end of September, 1950 there 
was an average for all stations except station 1 of 
69 cells/]. In mid-October this had increased to 297 
cells/l, and the quantity was nearly the same (264/1) 
in the latter part of the month, and on November 11 
(250/1). In early December, however, there was an 
average of only 16 cells/l, and subsequently there were 
only occasional records until early July, when there 
was an average of 36 cells/]. The population remained 
approximately at this level in late July (23 cells/l) 
and early August (39 cells/1). In September, however, 
numbers increased greatly. On September 3 there was 
an average of 348 cells/l, on September 14 there 
were 154 cells/l, and on September 30 there were 
662 cells/]. The absolute maximum was 1,360 cells/] 
at the surface at station 6 on September 30. 

In the eastern basin of Lake Erie, Burkholder 


(1929a, 1929b) mentioned only S. longiradiatum, which 
occurred with a maximum of 122 cells/I. 
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(1940) mentioned S. paradoxum as “rare.” He listed 
no other species. Subsequently the same author 
(1942b, 1944) and Chandler & Weeks (1945) re- 
ported Staurastrum sp. in the summer and fall 
months with maxima ranging from 1,400 to 1,800 
units (cells), Thus the results from western Lake 
Erie and from the Cleveland Harbor area are similar 
as to numbers of individuals of the genus. 

14. Other species of Staurastrum were seen in very 
small numbers only. The limited data indicate a 
seasonal distribution similar to that of S. paradoxum. 

15. Schroederia sp. was collected only during the 
early autumn of 1951, and in very small numbers. 
It appears to have been much more important in 
the western basin (Chandler 1940, 1942bh, 1944: 
Chandler & Weeks 1945). It has not been mentioned 
from the eastern basin. 

16. Sphaerocystis sp. was found only on September 
29, 1950 and September 30, 1951. The absolute max- 
imum was 36 colonies/l. The average of all the sta- 
tions except station 1 was 10/1 in 1950 and 9/1 in 
1951. Burkholder (1929a, 1929b) deseribed S. 
schroeteri as the most abundant green alga in the 
eastern basin. Gottschall (1930) observed as many 
as 3,000 colonies/] of the same species in mid-August. 
On the other hand, Chandler (1940) found it to be 
“rare” in the western basin, in 1938-1939, and in later 
publications he doesn’t mention the genus. 


SEASONAL DISTRIBUTION OF THE 
HoLopHYTIC MASTIGOPHORA 

The following constitutes a heterogenous group of 
unrelated organisms, all of which, however, are flag- 
ellated, and occupy an ecological posit‘on as pro- 
ducers, and hence as phytoplankters. 

1. Ceratium hirundinella Miiller occurred 
abundantly in the autumn, but also occurred in sig- 
nificant numbers during the summer. In the late 
spring the species occurred in small numbers, but in 
early spring and throughout the winter no records 
were obtained. The average of all stations except 
station 1 was 80 cells/] in mid-September, 1950. By 
the end of September the average had become 121 
cells/1, but it fell steadily to 53 cells/] on October 13, 
and 9 cells/] on October 27. No others were ob- 
served until mid-May, when a single specimen was 
found in one of the samples. At the end of May the 
average rose to 7/l. On June 23 the average was 
21/1. During July the average decreased and by 
the first of August it was only 4/l. By the first part 
of September there had been a renewed increase, to 
12 cells/l. Thereafter the species showed a distinct 
pulse, with an average of 134 cells/l in mid-Septem- 
ber and 230 at the end of the month. The absolute 
maximum was 668 cells/l at the surface at station 3 
on September 30, 1951. 

C. hirundinella was first reported from Lake Erie 
as C. longicorne by Voree (1882), who described it 
as “excessively abundant at times” in the Cleveland 
municipal water supply. Metealf (1942) estimated 
15 cells/] in mid-June of 1938 in the central basin 
off Lakewood, Ohio. The number fell to none by the 
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end of June, but rose to a maximum of 80 cells/] on 
August 23. The number then fell, but was rising 
when he halted his observations 
September. 


ywards the end of 
Thus, Metealf founa the species much 
less abundant than in the present study. 

In the eastern basin, Burkholder (1929a, 1929b) 
described the species as “important during the entire 
season with a gradual increase in September.” He 
calculated an absolute maximum of 408 eells/l. It 
was observed by Gottschall & Jennings (1933) in 
small quantities at Erie, Pennsylvania. 

In western Lake Erie, Chandler (1940) encountered 
the genus “only in the autumn collections.” His 
graph of the seasonal distribution of Ceratium shows 
a maximum of 30/1 at the first of September (1938), 
falling rapidly to small numbers during the latter 
part of the month and for October. Beginning early 
in November no more were seen until mid-May of 
1939. Thereafter he collected few specimens until 
the early part of August, when there was a decided 
pulse, attaining a maximum of about 700/1 in the 
latter part of September. Thus, Chandler’s results 
are very similar to those obtained in the present study. 

2. Dinobryon sp. was observed with fair regularity 
only during July and early August, 1951. The max- 
imum was 25 colonies/]. That the genus has been 
more common in other years is indicated by Vorece 
(1881), who found it “very abundant” in the Cleve- 
land municipal water supply, and by Metealf (1942), 
who estimated maxima of 124 colonies/] in mid-June 
and 110 colonies/ in early September off Lakewood, 
Ohio. 

In the eastern basin, Burkholder (1929a, 1929b) 
listed two species of the genus, with a maximum in 
early September of 653 colonies/]. Gottschall & Jen- 
nings (1933) showed an autumnal pulse in 1929, but 
representatives of the genus were not encountered in 
that year after the first of September. The genus 
appeared again in mid-April, and there was a pulse 
in July, and a second, lesser pulse in October, speci- 
mens finally disapearing after the first part of De- 
cember. 

Chandler (1940, 1942b, 1944) and Chandler & 
Weeks (1945) collected the genus primarily in the 
spring, but also in the summer, with maxima from 
1,100 to 2,000 units/] (a unit was 5 cells). Thus, 
the Cleveland Harbor area populations are much 
smaller than might be expected from the observations 
of all investigators in Lake Erie. 

Dinobryon also is abundant in the other Great 
Lakes. In Lake Michigan, Eddy (1927) found it to 
be the most abundant protozoan, attaining quantities 
as high as 7,000/1 in May, Daily (1938) ecaleulated 
an average of 66/1 in July, and 62/1 in November at 
Evanston, with lesser quantities in other months. 
Taylor (1935) found that it dominated the phyto- 


plankton in some of his Lake Superior samples. 


Tucker (1948) estimated quantities as high as 436 
units/l in the Bay of Quinte, Lake Ontario. 

3. Eudorina sp. occurred mainly in the summer 
and autumn, in greater numbers in 1950 than in 
1951. 


At the end of September, 1950 there was an 
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average of 49 colonies/l. In mid-October the aver- 
age had inereased to 73/1, but dropped back to 36/1 
by the end of October. Thereafter very few speci- 
mens were seen until June 23, 1951, when half the 
samples gathered had smal] numbers of representa- 
tives of the genus. Numbers remained small, until 
mid-September, when there was an average of 5 colo- 
nies/]. The average increased to: 12 colonies/] at the 
end of the month. Perhaps if the samples could have 
been taken for a longer period of time the popula- 
tion would have increased to quantities similar to 
those of the previous year. 

In the eastern basin of Lake Erie the genus was 
observed by Gottschall & Jennings (1933) at Erie. 
Pennsylvania, with a small pulse in late July and 
early August. Although reported qualitatively for 
the western basin by Snow (1903) and Tiffany 
(1934), no quantitative data are available for com- 
parisons. 

4+. Euglenoids were encountered only on three oe- 
casions, and in minimal numbers. All records were 
in summer and fall. 

5. Pandorina morum Bory oceurred in small num- 
bers only, except at the end of September, 1950, 
when the average of all stations except station 1 was 
10 colonies/l. All records are for the summer and 
autumn months. It does not seem to be common else- 
where in Lake Erie either, for it has been listed quali- 
tatively only, except by Burkholder (1929a, 1929b), 
who found a maximum of 40/] in the eastern basin. 

6. Peridinium sp. was observed only at 6.5 m at 
station 5 on May 26, 1951. Burkholder ( 1929a, 
1929b) reported it as “rare” in the eastern basin. 
Chandler (1940) collected it in the autumn in the 
western basin, but it “did not exceed 3 per liter.” 

7. Synura sp. was observed only during July, Au- 
eust and September, 1951. It attained a maximum 
of 42 specimens/] at 6.5 m at station 5 on September 
30, 1951. During the period of its occurrence it 
showed no fluctuations of 


well-marked seasonal 


abundance. 
DISCUSSION 
It is obvious that the division of Lake Erie into 
a western basin and a central basin is not merely a 
matter of geographical convenience. In reality, the 
western basin is as though it were a separate lake, 
with multiple outlets between the fringing islands. 
Although the two basins are intimately associated, 
and are influenced by similar climatic features, and 
although the major portion of the water in the cen- 
tral basin has reached it by way of the western basin, 
their productivities differ radically, and even the pro- 
portional numbers of their constituent phytoplankters 
differ considerably. The western basin is relatively 
and shallow. It overflow water in 


small, receives 


large quantities from Lake Huron, but this water 
has been modified by passage through the voluminous 
(though short) rivers, by temporary impoundment 
in shallow Lake Saint Clair, and by the addition of 
industrial and sewage wastes from Detroit, Michigan. 
In addition, the western basin receives large volumes 
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of relatively warm water from other tributary rivers 
and streams, which drain rich farm lands, and re- 
ceive more industrial and sewage wastes from other 
large and small municipalities. 

In contrast, the central basin is much larger and 
deeper, with no protecting islands, The tributary 
rivers and creeks drain a relatively small area of 
land, and the volume of water they carry to the lake 
is small compared to the total volume of water in 
the central basin. Hence the nutrients they carry 
are rapidly diluted in the lake, and have relatively 
little significance. On the other hand, the turbidity 
of the central basin is less, in general, than that 
of the western basin. 

Productivity is determined by all these influences 
and by many more. From this study it is clear 
that the total volume of the phytoplankton in the 
central basin did not nearly reach the levels attained 
in the western basin even in poor production years. 
Although there were such exceptions as that pre- 
sented by Anabaena and Pediastrum in the autumn 
and Melosira in the spring, where the standing crop 
of the central basin was considerably higher than 
anything reported from the western basin, as a gen- 
eral rule the individual species of each of the major 
groups of phytoplankters also produced larger stand- 
ing crops in the western basin. 

Similar comparisons between the productiv ty of 
the eastern and central basins cannot be made ade- 
quately. In the eastern basin we have a continuation 
of the conditions in the central basin with respect to 
relatively low volume of river run-off. The water 
of the eastern basin averages considerably deeper 
than that of the central basin, and thus somewhat 
less productive conditions might be expected. Un- 
fortunately, none of the investigators who studied the 
phytoplankton of the eastern basin reported his re- 
sults in identifiable units as to size. Thus compar’son 
of total volumes or total phytoplankton productivity 
is not possible. There are however a number of 
phytoplankton species where an individual and a 
sinzle cell are identical, or where a coenobium is clear- 
ly an individual. The above objection applies main- 
ly to the filamentous forms, where it is not clear 
whether an individual is a single cell (which is un- 
likely, judging by the numbers obtained), or whether 
it is a single filament (what length?). This is especi- 
ally unfortunate, because it is the filamentous forms 
wh'ch make up the bulk of the phytoplankton in 
Lake Erie. Of the forms which can be compared 
with fair certainty, Cyclotella, naviculoids, Cosmari- 
um, Dictyosphaerium, Pediastrum and Ceratium oc- 
curred in larger numbers in the central basin, but 
the important Stephanodiscus, as well as Botryococ- 
cus, Scenedesmus, Sphaerocystis and Dinobryon oc- 
curred in greater quantities in the eastern basin. 

The composition of the vernal pulses in the three 
basins has varied considerably. In the spring of 
1951, Cyelotella and Melosira predominated in the 
Cleveland area, with Fragillaria and Asterionella also 
present in smaller volumes. In contrast, the 1939, 
1940, 1941, and 1942 vernal pulses in the western 
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basin were overwhelmingly dominated by Asterionella 
(Chandler 1940, 1942b; Chandler & Weeks 1945), 
whereas that of 1949 was 97% Tabellaria, and that 
of 1950 was 50% Asterionella and 50% ‘Cyelotella 
(Verduin 195la). In the eastern basin the vernal 
pulse of 1930 consisted mainly of Tabellaria, Melosira 
and Asterionella, whereas that of 1931 consisted of 
Tabellaria and Fragillaria for the most part (Gott- 
schall & Jennings 1933). 

Similarly the autumnal pulses have varied in com- 
position, In the Cleveland Harbor area Melosira 
dominated the plankton in both years investigated, 
but Fragillaria and Pediastrum simplex were very 
important constituents during part of each pulse. In 
the western basin Stephanodiseus was dominant in 
1938, with Melosira secondary. In 1939, 1940 and 
1941 Aphanizomenon and Melosira predominated. In 
1942 Melosira greatly predominated, with Aphanizo- 
secondary (Chandler 1940, 1942b, 1944; 
Chandler & Weeks 1945). In the eastern basin 
Melosira was most abundant in 1930, with Fragillaria 
and Asterionella secondary. In 1931 Tabellaria and 
Fragillaria were most abundant, with Melosira and 
Asterionella far less abundant (Gottschall & Jennings 
1933). : 

Little is as yet known concerning the causes of 
these variations of composition. Temperature, tur- 
bidity, nutrient salts, the amount of solar radiation, 
antibiotic inhibition of one species by another. self- 
stimulation within one species inter-species stimula- 
tion, preferential grazing by animals and other fae- 
tors are all possible explanations, no one of which 
alone is adequate. Detailed analyses of the factors 
leading to the oceurrence of pulses of single species 
or of groups of species await the accumulation of 
more data tivough further field observations and 
laboratory culture experiments. 

In the paragraphs above, of course, different years 
are being compared, and the question naturally arises 
whether this is legitimate, considering the great varia- 
tions that may oecur in phytoplankton production 
from one year to another. There is no way to over- 
come this correct criticism except by further simul- 
taneous investigations in all three basins of Lake 
Erie, using methods that can be compared with one 
another quantitatively. This is especially needed in 
the central and eastern basins. However, the year 
1950-1951 appears to have had no unusual weather 
conditions other than record-breaking snows. The 
were not unusual, and the average 
what would expect in the 
Cleveland area. Future studies have been planned 
that w'll make judgments on the individuality of the 
year 1950-1951 with respect to phytoplankton more 
feasible. 

The dynamic changes occurring during the seasonal 
phytoplankton cycle have complex causes in the 
physical, chemical and biological environment of the 
phytoplankters. Because of the important role played 
by zooplankters, a discussion of this important subject 
is being deferred until the publication of the results 
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of the analyses of the zooplankton samples (Davis 
1954b). 

In the Great Lakes other than Lake Erie, all 
systematic, year-around quantitative studies of the 
phytoplankton have been confined to Lake Michigan 
(Daily 1938; Damann 1940, 1945; Eddy 1927; Lackey 
1944). Tucker (1948) has made quantitative phyto- 
plankton estimates for a portion of the year in the 
Bay of Quinte, Lake Ontario. Uncertainty regard- 
ing the size of the unit used for many of the im- 
portant species makes comparisons with Lake Erie 
results impossible except for the estimations of 
Tucker (1948). Evidence from fisheries (Rawson 
1952) suggests that phytoplankton production is high- 
er in Lake Erie than in the other Great Lakes. The 
need for adequate comparative studies in all the lakes 
is obvious. 

The Great Lakes are a unique phenomenon. No- 
where else on earth is there such a large mass of 
fresh water within such a small territory. Except 
for the Caspian Sea, Lake Superior is the largest 
lake in the world, and it is one of the deepest. Lakes 
Huron and Michigan are connected by a broad strait. 
Together they exceed Lake Superior in area. 

There are, however, a number of other enormous 
lakes elsewhere. Of them all, Lake Winnipeg, Mani- 
toba, Canada is the only one that lies in a similar 
latitude and in a somewhat similar climate to the 
Great Lakes of North America. Lake Winnipeg has 
been studied by Bajkov (1930), who found that it 
had a very rich plankton. He utilized the settling 
method for the determination of plankton volumes, 
and therefore his results are not quantitatively com- 
parable to those reported here. There was a small 
vernal maximum of (total) plankton volume in the 
spring (April and May), and a massive bloom of 
blue-green algae in August. Abundant and com- 
mon phytoplankton species were much the same as 
those reported from the Great Lakes, including Lake 
Erie. 

Farther north in Canada, Lake 
Slave Lake and Great Bear Lake 
severe arctie or sub-aretice climatic 
are so oligotrophie that, with the 
of Lake Athabaska, they were not 
commercial fishery exploitation by 
search Board of Canada (1947). 

The largest lake in South America, Lake Titicaca 
in Peru, lies at an altitude of 3800 m, and is near 
the equator. There is practically no annual varia- 
tion of temperature (Vellard 1952), and hence con- 
ditions are in no way similar to those encountered in 
the Great Lakes. Similarly, the Great Lakes of 
Afriea lie either on the equator (Lake Victoria) or 
near the equator (Lakes Tanganyika, Nyasa, Rudolf 
and Chad), and are subjected to relatively uniform 
seasonal temperatures, The phytoplankton of Lake 
Tanganyika consists largely of diatoms (Cunnington 
1920), as does that of Lake Victoria in the bays. The 
phytoplankton of the open water of the latter lake, 
however, consists largely of green and_ blue-green 
algae (Worthington 1930). Lake Chad is a shallow 
saline lake, whose area varies greatly with the season. 
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In Eurasia, the largest lake in the world, the 
Caspian Sea, is decidedly saline, and therefore does 
not warrant comparison with the Great Lakes of 
North America. The Aral Sea and Lake Balkhash 
are even more saline, and the latter has been shown 
to be toxic to invertebrates from the Caspian Sea 
(Birstein & Belizvy 1946). The 
Lake Balkhash is very sparse. 

One of the most interesting lakes in the world is 
Lake Baikal in Siberia, noted for its wealth of 
endemic species. In spite of an extensive literature 
on this, one of the most throughly studied of all 
large lakes (literature to 1931 in Starostin 1926 and 
Vereshchagin 1933), the author has not been priv- 
ileged to examine quantitative statements on the 
phytoplankton. 


natural fauna of 


SUMMARY 


1. From September, 1950 through September, 1951 
quantitative plankton samples were obtained at the 
surface and at 6.5 m approximately every two weeks 
at 9 stations in the Cleveland Harbor area of Lake 
Erie. The numbers of cells, numbers of coenobia, 
and volumes/! were determined for the phytoplankters. 

2. Total volumes/l of the phytoplankton showed 
characteristic autumnal and vernal maxima, and win- 
ter and summer minima. At station 7 at the surface, 
the autumnal maximum in 1950 was 1,234 x 106 43/1], 
the vernal maximum, 1951 was 1,662 x 106 43/1, and 
the autumnal maximum, 1951 was 2,123 x 106 43/], 
These quantities were translated into the units used 
by most other investigators in Lake Erie. Compari- 
sons showed that the phytoplankton productivity, as 
measured in the western basin of Lake Erie, was far 
higher than shown by the present results for the 
central basin. Similar quantitative comparisons with 
the eastern basin were not feasible on the basis of 
existing data. 

3. The routine analyses made by the Division of 
Water and Heat of the City of Cleveland were ex- 
amined and the decline of the vernal maximum of 
1951 The decrease in quantity of 
phytoplankton from the vernal pulse to the summer 


was followed. 
minimum was very sudden, and occurred in the first 
few days of June. 

4. Changes of phytoplankton content of the water 
could not be correlated closely with such simple en- 
vironmental conditions as seasonal temperature 
changes and changes of turbidity alone. 

5. Diatoms constituted nearly 100% of the phyto- 
plankton of the winter and spring seasons. Diatoms 
the fall, but 


blue-green and green algae became relatively more 


also dominated during summer and 
important. Other taxonomic categories of phyto- 
plankters were relatively unimportant. 

6. Nine categories (species or genera) of Cyano- 
phyta, 11 categories of Diatomaceae, 16 categories of 
Chlorophyta and 7 categories of “holophytie Masti- 
detail. The 
seasonal distribution of each is given, and graphs and 
tables are given for the more abundant kinds. 

7. The most important phytoplankton species in 
the study were Anabaena flos-aquae, Aphanizomenon 


gophora” are considered in observed 
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flos-aquae, Asterionella sp., Cyclotella sp., Fragillaria 
crotonensis, Melosira sp., Stephanodiscus sp., Tabel- 
laria sp., Pediastrum duplex and P. simplex. Of 
these, the most abundant, in the order of abundanee, 
were Melosira, Fragillaria, Cyclotella, and Pedias- 
trum. During the winter and early spring Asteri- 
onella dominated, but never attained large volumes 
per liter. 

8. Comparisons are made between the ecological 
conditions of the central basin and those of the other 
two basins of Lake Erie, as reported in the litera- 
ture, in an attempt to gain clues towards an explana- 
tion of the differences of phytoplankton production. 
The needs for further detailed quantitative investiga- 
tions, especially in the central and eastern basins, and 
for laboratory culture experimentation are stressed. 
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INTRODUCTION 


Abandonment of farm lands results in a series of 
continuing changes in both the vegetation and ae- 
companyving animal populations. The present paper 
reports the results of a study of these changes. It 
Is concerned with: 


1. The succession of both plant and animal com- 
munities upon abandoned agricultural uplands; 

2. The effects of succession on wildlife populations, 
especially upland game populations; 

3. The use of abandoned lands in each successional] 
stage by various species of wildlife other than 


game. 


This study was confined almost entirely to Wash- 
tenaw County, Michigan, and was condueted during the 
school years 1939 to 1940 and 1940 to 1941, the spring 
of 1946, and from the fall of 1946 through the winter 
of 1947. 

Grateful made of the inval- 
uable assistance of the late Professor Howard M. 
Wight and also to Dr. Samuel A. Graham, both of 
Michigan School of Natura] Re- 
sources, who supervised this study. In addition, Dr. 
MecVaugh of the Michigan 
Herbarium was extremely helpful in naming many 


acknowledgment is 


the University of 


Rogers University of 
of the plants encountered. 
DESCRIPTION OF THE AREA 
According to Veatch, Wheeting & Bauer (1934 
Washtenaw ( ounty les in the glaciated plains section 
of the United 
States, Michigan includes the morainic up- 


Central Lowlands province of the 


which in 
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land referred to as “The Thumb” and a _ smooth, 
former lake bottom area usually designated as the 
Thus, the 


western parts o1 the county, which lie in the Thumb 


Erie Lowland. northern, central, and 


Uplands, are characterized by gentle or moderately 
the Huron River in the 
Arbor, where the relief 


hilly relief, exeept alor 


ig 
vicinity of Ann is sharp. 
Southern and eastern parts of the county lie in the 


beds 


1 former post-glacial lakes and are thus prac- 
tically level in topography. Elevations in Washtenaw 
County range from 1100 ft. 
650 to TH 


in the upland region to 


The area of the 


ft. in the lowland region. 
county is approximately 714 square miles. 

Original vegetative cover consisted largely of forest 
with only 2 or 3% of the total in marshland or water 
1930 forested lands had 
of the total area, accord 
Wheeting «& (1934). These 
workers state that the principal forest trees “were 
black oak, hickory, beech, sugar 


surfaces. In contrast, bv 


been reduced to 10 or 12% 


ine to Veatch, Bauer 


red oak, white oak, 


inaple, elm, and basswood. Walnut, sycamore, butter- 


nut, cottonwood, wild cherry, red cedar, and tulip- 


tree commonly ealled tulip poplar) were locally 


abundant” (p. 2 Sugar maple (Acer saccharum ) 
usually mixed wit 


beee} Fagus 


and represents the most tolerant, mesophytic forest 


basswood (Tilia americana) 0} 


grandifolia) is elimax for this region 
tvpe ol the locality. 
The climate is characterized by cold winters and 


ild summers A total of approximately 31 in. of 


* Scientin names of plants are in acct 
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precipitation a year is average over at least a 50-year 
period. This total includes about 37 in. of snow. The 
mean annual temperature is 47°F with extremes 
varying from —20° to + 105° F during the vears in- 
cluded in the period 1920 to 1946. Climatological 
records for Ann Arbor were used to represent the 
climate of the area in question. (See Figs. 1 & 2.) 
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Fig. 1. Temperature curves for Ann Arbor, Michigan. 
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Fig. 2. Climatograph for Ann Arbor, Michigan. Data 


average for a 66-year period. 


On the average in Washtenaw County there are 163 
days from the last killing frost in the spring (May 
3) to the first killing frost in autumn (October 13). 

Washtenaw County has been under cultivation since 
the decade 1820 to 1830 when the first permanent 
white settlers arrived. In the early days a mixed 
system of agriculture was practiced, designed to pro- 
duce food and other items for domestic use. Now, 
according to Hill (1939), the western three-quarters 
of the county is characterized by dairy and general 
farming, while the eastern one-quarter lies in the 
dairy and cash crop farming area. The average farm 
size for the county is 124.9 aeres (U. S. Bureau of 
Census 1946). 

The soils are glacial in origin, having developed 
from rolling, morainie deposits; gently sloping, out- 
wash plain deposits; or almost flat, glacial lake de- 
posits. The sandy soils are low to medium in fer- 
tility; the upland loams, that characterize outwash 
plain deposits, are medium to high in fertility; and 
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the lake deposits are very fertile. The better mineral 
soils are Miami silt loam and Miami loam. These 
comprise a total of 36.2% of the county. The poorer 
soils are Hillsdale sandy loam, Coloma loamy sand, 
Bellefontaine sandy loam, Plainfield loamy sand, 
Berrien loamy sand, and Berrien sandy loam. They 
makes up 20.6% of the county. Highly productive 
lake bed soils are Gilford loam, Gilford sandy loam, 
Brookston loam, and Brookston clay loam, comprising 
7.6% of the county. 


TECHNIQUES AND PROCEDURES 
SELECTION OF Stupy AREAS 

Data used in this investigation were secured from 
a total of 115 areas varying from currently culti- 
vated fields to fields that had been last cultivated 25 
years previously. The greater number were located 
in the morainie upland subdivision of the county. 
Several areas examined first in 1941 were re-examined 
during 1946 and 1947. The prevalence of fire on the 
older areas combined with the inadequate informa- 
tion regarding histories of such areas made difficult 
the comparison of burned and unburned areas. To 
reduce the complexity of this problem it was impera- 
tive to eliminate as many variables as possible. For 
this reason low or marshy lands were avoided and 
those that were being currently pastured were elim- 
inated, with the exception of one area that was first 
studied in 1941 and had been grazed for a short 
period since that time. Where grazing was still be- 
ing practiced, it was obvious that the land had not 
been entirely abandoned. 

Study areas were classi 
and length of abandonment. The three main crop 
types were cultivated, small grain, and hay. Culti- 
vated crops included lands last occupied by the follow- 
ing: corn, soybeans, potatoes, and gardens. Plowed, 
but unplanted, lands were also included in this cate- 
gory. Small grain lands were those last used for 
wheat, oats, barley, and rye; while hay lands included 
those last in clover, alfalfa, timothy, and other hay 
crops or pasture lands. On all areas studied, the 
date of last plowing was taken as the beginning of 
In the ease of hay lands, the year of 
Areas were segre- 


according to final crop 


abandonment. 
last mowing was also indicated. 
gated into the following age elasses: 0, 1, 2, 3, 4-5, 6- 
10, 11-15, 16-20, and 21-25 years since last being 
plowed. 

The size of each study area averaged approxi- 
mately 5 acres, but many were only small plots used 
as temporary gardens, the smallest of which was 
only 65 square feet. The largest area was 19 acres. 

A complete history of each study area included 
information regarding the following points: The last 
crop upon it, when it was last plowed, whether or 
not it had been grazed or burned, the frequency of 
burning and date of the last fire, and the date of 
last mowing (hay lands). 


ANALYSIS OF THE VEGETATION 
Detailed analyses of the vegetation on abandoned 
lands were undertaken on a total of 881 plots laid 












SENET \eget GA eae deta 


















= 


con 





October, 1954 


out upon 100 study areas. 
tributed with respect to time, soil type, final erop, 
and burning as shown in 
were counted twice in this tabulation because they 
were first studied in 1941 and again in 1947, and 


ECOLOGICAL SUCCESSION ON ABANDONED Farm LANDS 


Table 


Sample plots were dis- 


Fourteen areas 


were thus included in two age classes. 


TABLE 1, 





Distribution of samples according to soil type and final erop. 









Milacre quadrats were used to determine the spe- 
cies of plants present and the abundance of each on 
all areas intensively studied. 
down at intervals of one-half chain or one chain, the 
interval chosen depending upon the size of the area 
and the uniformity of the vegetative cover. 


Quadrats were laid 
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tempt was made to lay down at least 10 quadrats in 
a study area, but the small size of some of the fields 
sometimes limited the number to 4, and in two in- 
stances to only 2. On each quadrat an ocular esti- 
mate of the amount of area occupied by each species 
was made. This was done by estimating the percent 
of the total quadrat area covered by a vertical pro- 
jection of the plant or group of plants on the surface 
of the ground. The following indexes were used to 
designate classes showing the percent of area occu- 
pied by each species: 


Coverage % Area 
Index Occupied 
NE ne ee ee ae 0.1 to 20.0 
ESE PATS Sarr ie, ones err ae 20.1 to 40.0 
Reto Grki sere s acess sek 40.1 to 60.0 
Dat ths skis ahs eine ee is Ge 60.1 to 80.0 
PILLS Ecn omens eek hues kai 80.1 to 100.0 


After measuring the vegetation in this manner the 
indexes were totaled for all quadrats grouped ae- 
cording to crop type, age class, and type of soil. 
The average coverage class was then calculated by 
dividing by the number of quadrats on which the 
species occurred. 

The frequency of occurrence for each plant species 
encountered was also calculated and expressed as an 
index. In this way the general distribution of each 
species over the area as a whole was obtained. In- 
dexes from 1 to 10 represent corresponding frequency 
classes, as indicated in the following tabulation: 


Frequency “ 
Indez Occurrence 
DRE hi ats ktcsb aloe uated 0.1 to 10.0 
Crue Rive ko oairy nk wees Gaae 10.1 to 20.0 
Bich hen kivbedcahesitescsse 20.1 to 30.0 
oe Se Cre tate 2 ea wie 30.1 to 40.0 
Oe Ae See err ee 40.1 to 50.0 
_ SNR en ee ee 0.1 to 60.0 
IEE onic oesesmwab base 60.1 to 70.0 
BURL Poet ek ak we eee es 70.1 to 80.0 
PcG ee ts ataneeNcuE ekeeeee 80.1 to 90.0 
| ER ae a rt aye See ee eee 90.1 to 100.0 


The above two indexes were used to designate the 
grouping and distribution of plant species of any par- 
ticular age class, crop type, or soil type. Thus, if 
a species had a coverage index of “1” and a fre- 
quency index of “1,” it would cover from 0.1 to 20.0% 
of the area where it occurred and be distributed over 
10.0% or less of the area, a sparse and scattered dis- 
tribution. If a species had a coverage index of “5” 
and a frequency index of “10,” it would cover from 
80.1 to 100% of the area where it occurred and be 
spread over 90.1 to 100% of the area, a uniformly 
dense distribution. A species that occurred in a few 


dense aggregat’ons would be indicated by a coverage 
index of “4” or “5” and a frequency index of “1” 
or “2.” 


To condense the discussion of ecological succession 
on abandoned agricultural lands only the more im- 
portant plant species which characterize each stage, 
as outlined by Graham (1945), are mentioned (Tables 
Herbaceous plant abundances are shown 


3 and 4). 
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by means of a single figure. Each figure is an in- 
dex representing ,the percentage of abundance cal- 
culated by use of the following formula: 


A C x F x k where, 

100 

A per cent abundance; 

C midpoint of coverage class; expressed in 
ee 
c 

F midpoint of frequency class; expressed 
in % 


k a constant, 1.11, which corrects for the 
use of midpoints of the coverage and fre- 
quency classes instead of actual per- 
centages. 


For example, with a plant having a_ coverage 
class of “1” and a frequency class of “1,” the mid- 
points of these two classes are 10% and 5%, re- 
spectively. Multiplying the midpoints together, ex- 
pressing the result as a percent, and applying the cor- 
rection factor, it is evident that the plant occurs with 
an abundance of 0.6%. In the case of a plant having 
a coverage class of “5” (midpoint 90%) and a fre- 
quency class of “10” (midpoint 95%), the percent of 
abundance 94.9. These final abundances 
were also divided into classes. Indexes for each class 


” 


becomes 


are shown below: 


Abundance q 
Index Abundance 
BS ee Cues sive wie ele ea oon Less than 0.1 
Dera latal Sain atahe bie s wie a creases 0.1 to 10.0 
LEE ELE EERSTE ES eT 10.1 to 20.0 
Diiaivucs eases wee eee ee vee 20.1 to 30.0 
SEE ECE ROCCE ER Tae 30.1 to 40.0 
Se ey Oe ee rete 40.1 to 50.0 
Bo Medaava sa ihe esa eee 50.1 to 60.0 
EET OT OR Renee ay eae 60.1 to 70.0 
Renee phuket SES Les 70.1 to 80.0 
I data Calta aioe teed 8 Sica totems ere 80.1 to 90.0 
Deis AC tee aigcatete kr aaske we atnd 90.1 to 100.0 


Woody plants were studied in much the same man- 
ner as herbs, but because of the fact that most shrubs 
and trees were so scattered it was difficult to place 
a value on their abundances. For this reason, only 
the occurrences of these plants on abandoned lands 
were used. The age of woody plants was determined 
by counting annual rings either on increment borings 
or on In addition, total heights of 
numerous seedlings were measured from ground level 
to the cluster of winter bud sears. These data per- 
mitted a determination of the number of years to 
allow for the height of increment borings above 
The rate of spread of some common 
means of 


cross-sections. 


ground level. 
shrubs which invade new territory by 
rhizomes or runners was also measured and an at- 
tempt made to correlate such findings with soil type. 

In view of the large number of variables influ- 
encing results obtained from analyzing the vegeta- 
tion, and also because of the small number of quad- 
rats in some of the age classes, the data do not neces- 
sarily represent average conditions for the County. 
However, the results do represent conditions which 
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are frequently encountered on abandoned fields in 
various stages of successional development. 
Soin Type DereERMINATIONS 

The type of soil on each area was classified accord- 
ing to Veatch, Wheeting & Bauer (1934), The soil 
map prepared by these workers combined with field 
observations was used in the determination of types. 
To facilitate discussion of the effect of soil type on 
changes in the vegetation the soils were grouped into 
two main types: Those that are relatively nonporous 
or heavy in texture, and those that are relatively 
porous or light in texture. 
Miami loam and Miami silt loam. 
considered porous included 


Nonporous soils included 
Soils which were 
sellefontaine sandy loam, 
Hillsdale sandy loam, Berrien sandy loam, Brady 
sandy loam, Fox sandy loam, and Oshtemo loamy 
sand. The distribution of sample plots with regard 


to porous and nonporous soils is shown in Table 1. 


Birrp Populations 

Relative abundances of various bird species utilizing 
the study areas were determined by making a walk- 
ing circuit through each one and noting all species 
of birds observed, either actually seen or heard or 
whose presence could be established from recognized 
sign. An attempt was made to census every area in 
this manner at least once during each of the four 
principal seasons of the year, but this was not always 
possible since new areas were constantly being se- 
lected as they were encountered while doing other 
field work. 

Tables showing the of the different 
stages of succession by the ring-necked pheasant and 


relative use 
some common sone birds were prepared by reducing 
to common terms the frequency of observation of 
This 
was done by totaling the number of signs for any 


each bird or recognizable sign of each species. 


bird and dividing by the total number of visits to 
the group of study areas in a given stage of suc- 
Frequencies indicated in this manner were 
then divided into 5 classes, the number of “x” marks 


cession. 


indicating each class and class 5 representing the 
greatest frequency. 

MAMMAL PopuULATIONS 
small mammals ocecur- 
ring on each study area was determined by the use 
of snap traps placed one-half a chain apart in a grid 


The relative abundance of 


system or a straight line, depending upon the shape 
of the area and the number of traps set out. A mix- 
ture of peanut butter and rolled oats was used as 
bait. Traps were left out for two nights, but they 
were visited each morning. Results were caleulated 
on the basis of 100 traps for each area so that com- 
parisons could be made. <A_ total 15 
censused during the fall of 1940, and 23 areas were 
censused during the fall of 1946. Five of the later 
areas had also been censused in the earlier period. 

Relat've abundances of the larger mammals, in- 
cluding the cottontail rabbit, were determined by di- 
rect observation, where this was possible, or by ob- 


of areas was 


serving the presence of sign such as tracks, dens, 
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feces, and other indications. Special track counts 
were conducted during the winter periods while snow 
was on the ground. At that time a tally was made of 
all tracks encountered on a circuit through each area. 
Tables showing the use of successional stages by these 
larger mammals were prepared in a manner similar 
to that used for birds. 
CLASSIFICATION OF COVER TYPES 

The discussion of ecological succession on abandoned 
farm lands makes use of a system of classifying cover 
According to this 
method, cover types are first classified on the basis 


types proposed by Graham (1945). 
of soil and topography. They are then arranged in 
the order in which they would occur in a succession 
beginning wtih the bare substratum of soil or water. 
Table 2 shows the order in which the major. upland 
vegetative types occur in Washtenaw County. 


TABLE 2. Classification of cover types according to 


successional stage. 





Upiaxp Types—TERRESTRIAL ORIGIN 


Successional 
Stage 


Porous Soils Nonporous Soils 


P 
1 Bare Soil Bare Soil 
2 Crustose Lichens* Crustose Lichens* 
3 Mosses and Foliose |¥Mosses and Foliose 
Lichens* Lichens* 
4 Annuais and Annuals and 
Biennials Biennials 
5 ; Grass and Other Grass and Other 
Perennials Perennials 
6 Mixed Herbaceous Mixed Herkaceous 
Perennials Perennials 
7 Shrubs Shrubs 
8 Intolerant Trees Intolerant Trees 
9 Mid-tolerant Trees Mid-tolerant Trees 
10. Tolerant Trees Tolerant Trees 


*These stages are restricted to rock outcrops. 

Note: The cropped land stage, designated by a “C" and representing condi- 
tions which occur on lands that produce annual croys. precedes the annual-biennial 
stage as the initial stage of a secondary succession originating on abandoned farm 
land. 


This method of arranging cover types had several 
advantages. In the first place it permitted an analysis 
of the various successional stages utilized by differ- 
ent kinds of birds or mammals. It also aided in de- 
termining the rate of succession on each type of crop 
Finally, it greatly facl- 
other 


land and on each soil type. 
tated the analysis of the effects of 
disturbances upon the vegetational development. 


fire and 


REVIEW OF LITERATURE 
Sinee the time of Cowles (1889) numerous investi- 


ations have been concerned with the general topic 
of succession. 


From the standpoint of the wildlife 
manager, it may be useful to mention several studies 
that indicate a general recognition of the importance 
of succession in altering environmental conditions for 
both game birds and game mammais. For example, 
Stoddard (1931, p. 362), an early worker in the field 
of wildlife management, points out that “fallow fields 
furnish excellent roosting, feeding 


nesting, and 
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grounds for quail for the first three or four years 
after cultivation.” The role of succession in influ- 
encing game habitats was similarly recognized by 
Aldo Leopold (1933). Also working with quail, both 
Lay (1937, 1940) and Lehman (1937) in Texas, Wil- 
son (1938) in Maryland, and Baumgartner et al. 
(1952) in Oklahoma report the effects of succession 
on quail habitats. The important role of succession 
upon wildlife on lands stripped for coal in Illinois 
is substantiated by the work of Yeager (1941), while 
Ammann (1945) shows that populations of both 
prairie chickens and sharptailed grouse in Michigan 
are greatly influenced by succession, That both deer 
populations and distribution are affected by succes- 
sion is reported by A. S. Leopold (1950). Bump 
(1950) reports on a comprehensive study of the effects 
of succession upon game habitats and populations 
in New York State. Grange (1949) presents a e- 
tailed deseription of suecession and its relationship 
to variations in numbers of snowshoe hares and other 
animals. 


SUCCESSION ABANDONED 


FARM LANDS 

Plant succession usually proceeds from one stage 
to the next in an orderly manner. In cultivated or 
small grain fields, farming operations, such as annual 
plowing and soil cultivation, check succession and 
sause the development of the same type of vegetation 
year after year. With the abandonment of these 
lands, however, natural forces of invasion, establish- 
ment, competition, and reaction take effect, causing 
the vegetation to pass through a series of successional 
stages. Initial stages are greatly influenced by the 
character of the last crop, and all stages are affected 
to some extent by the type of soil and also by fire. 

Indications of the various successional stages that 
occur are apparent in changes in the numbers of 
plants over a period of time (Fig. 3). On lands pro- 
ducing a row crop, for example, the number of annu- 
als or biennials and perennial herbs is reduced by 
the frequent cultivation of the soil, which: also ex- 
poses large amounts of bare soil. During the first 
growing season following abandonment the number 
of annual and biennial species increases to its maxi- 
mum number because of the numerous viable seeds 
lying dormant in the soil and the influx of the seeds 
of many other plants that find germinating conditions 
ideal. This is the beginning of the annual-biennial 
stage of succession, that is, stage 4. In the seasons 
following there is at first a rapid decline in the 
number of these plants and then a gradual leveling 
off in the rate of decline toward the end of the period 
of succession under study. 

Also in response to favorable germinating condi- 
tions created by the cultivation of a row crop, the 
number of perenial herbs increases to the maximum 
during the first or second seasons after the vear of 
last use. Up to approximately 10 years after aban- 
donment several perennial grasses, comprising stage 
5, follow annuals and biennials in abundance and the 
total number of perennial herbs then gradually be- 
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YEARS SINCE LAST PLOWING 


Fig. 3. Trends in number of plant species and dura- 
tion of successional stages on unburned abandoned fields. 
comes smaller. Perennials increase in numbers again 
as conditions become favorable for the sixth succes- 
sional stage, which is composed of a variety of peren- 
nial forbs preferring the more mesie conditions that 
occur in the later years of succession. 

In contrast to the conditions in cultivated fields, an 
area in a small grain crop provides an opportunity 
for the establishment of large numbers of both an- 
nual or biennial and perennial herbs because of the 
absence of cultivation, The number of indi- 
vidual plants is thus greater in small grain fields than 
on lands supporting cultivated crops. In the case 
of annuals and biennials the year of last use is also 
the year of their greatest number, but the maximum 
number is not as great as the maximum that oecurs 
on cultivated lands that have been abandoned for one 
or two years (Fig. 3). After the retirement of small 
erain lands from agriculture the number of annuals 
and biennials follows the same general trends as those 
on cultivated lands after the first season following 


soil 
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abandonment. Trends in the number of. different 
perennial herbs on small grain lands are almost 
identical with those that have been described for 


cultivated lands except that there are fewer numbers 
of species beginning with the period 4 to 5 years 
after abandonment. 

Thus, suecessional stages on small grain lands oc- 
cur in much the same sequence as on cultivated lands. 
The annual and biennial stage (stage 4), however, 
lasts for only the first 2 years after abandonment, 
whereas on cultivated lands it lasts for approximate- 
ly the first 3 years. In addition to this, the perennial 
grass stage (stage 5) begins during: the second year 
on grain lands but does not become evident until the 
third year on areas last supporting a cultivated crop. 
Another difference between these two crop types is 
that the shrub stage (stage 7) commences one age 
class earlier on cultivated lands than on small grain 
lands. 

Hay lands differ sharply from either cultivated or 
small grain lands sinee by the time they are abandoned 
they have already been oceupied by a heavy growth 
of perennial plants. Sometimes this growth has per- 
sisted for many years under annual mowing of hay. 
Nevertheless, during the years that crops are cut from 
hay fields various woody plants and other perennials 
are established that only become conspicuous after 
abandonment. For this reason it is necessary to be- 
gin the study of suecessional trends on these lands 
with the last year of plowing instead of the year of 
actual abandonment. Cropping the hay will retard 
or completely cheek succession for the number of 
years that the field is mowed. On abandonment, the 
normal trends again manifest themselves, their rate 
being influenced for a time by the density of the 
perennial hay plants. 

The predominance of the perennial hay-producing 
plants is evident in eurves showing changes in the 
number of plant species on hay lands (Fig. 3). Thus, 
the number of both annuals or biennials and perennial 
about one-third as great as on the other 
types of lands. During the first 4 or 
after a hay field is established there is a 
slight decrease in the number of annuals or biennials. 
Following this period these species become more 
numerous and reach their peak in numbers after the 
hay fields have actually been abandoned. These an- 
nuals and biennials are never as numerous as on lands 
that were in cultivated crops or grain. Following 
this peak the number of annuals or biennials de- 
From the few kinds of perennial herbs ex- 
isting during the year that hay fields are last plowed 
there is a more or less gradual increase in numbers 
to the maximum between the periods 6 to 10 years 
and 11 to 15 years after last cultivation. 

Irregularities appearing in the number of plant 
species that occur in hay fields are directly related to 
the manner in which such lands are handled prior 
to abandonment. On these lands, the itself 
is of a perennial nature. Consequently, after fields 
are plowed and sown, the resulting perennial plants 
grow rapidly and completely cover the surface of 
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the soil, successfully eliminating, or reducing in 
abundance, the majority of the plants that normally 
occur upon lands of another crop type. Mowing of 
the hay crop also has an effect in reducing the 
abundances of wild plants, particularly annuals and 
biennials. 

In the first few years after the planting of a hay 
field, the number of plant species is greatly reduced 
because of the influence of the dominating hay crop 
and the lack of bare soil that provides seed beds for 
numerous plants. Perennial hay-producing plants 
commence to deteriorate about 4 or 5 years after 
the date of last plowing. As a result, openings are 
created for the establishment of many wild plants, 
both annuals or biennials and perennials. This ac- 
counts for the oceurrence of the maximum number 
of species at a much later period on hay lands than 
in the case of the other two types of crop lands. 

Hay lands differ in several respects from both 
cultivated and small grain lands in regard to the 
periods when the stages of succession oceur (Fig. 3). 
The annual-biennial stage of succession, for example, 
is absent from hay lands. This is a result of the 
predominant, unnatural, perennial type of cover. 
Stage 5, in which grasses and other perennials are 
most common, accordingly appears earlier and lasts 
longer on hay lands than on lands of the other two 
crop types. Eventually this stage is followed by the 
mixed herbaceous and shrub stages of succession. 
Data regarding vegetative changes on hay lands were 
obtained only through the 16 to 20-year age class. 
Due to this fact and also the retarded rate of suc- 
cession, the intolerant tree stage (8) on hay lands 
was not encountered during the present investigation. 

While the numbers of herbaceous plants vary from 
one stage to the next, numbers of shrubs and trees 
Curves showing such changes are also 
These curves are based both 


also change. 
presented in Fig. 3. 
upon data collected directly by observing species on 
plots representing the various abandonment classes 
and also on the basis of age determinations in order 
to ealeulate when the plants first became established. 
Thus, if a shrub or tree were observed growing on an 
area in the 6 to 10-year abandonment class, and its 
age indicated that it had become established during 
the year of last plowing, it was recorded as having 
been present in all of the intervening periods. 
Woody plants on all three crop types at first in- 
crease in number of species and then tend to decrease 
The greatest number of shrub and tree species 
4 to 


again. 
on cultivated land appears as early as 
after the year of last plowing. On small grain lands 
the maximum number during the 
periods 4 to 5 and 6 to 10 years after the year of 


5 years 


oceurs between 
last plowing, whereas on hay lands the maximum 
falls between the period 6 to 10 years and 11 to 15 
vears after the vear of last plowing. Hay lands have 
one-third or less as many species during the last 
year of plowing as either cultivated or small grain 
lands. 

In addition to changes in the number of plant 


species and the corresponding transition from one 
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successional stage to the next, there are also definite 
changes in the animal populations associated with 
each vegetative type. The use of each stage of suc- 
cession by some common birds and mammals, in- 
cluding the ring-necked pheasant and the cottontail 
rabbit, will be discussed below. 

In the following sections each successional stage 
will be discussed separately. 

CONDITIONS DURING THE YEAR OF LAst PLOWING 

Cultivated lands.—The adventive vegetation in cul- 
tivated fields is sparse and consists chiefly of annuals 
and biennials. As mentioned previously, relatively 
large areas of bare soil are present between the in- 
dividual plants. This type of vegetative cover re- 
sults primarily from the manner in which cultivated 
crops are farmed. Such crops require cultivation and 
are annual in growth habit. Therefore, they must 
be planted each year, This necessitates annual work- 
ing of the fields, which in turn results in the almost 
complete destruction of vegetation at the beginning 
of each growing season. Annual or biennial herbs 
are more capable of quickly becoming established un- 
der such conditions than are perennial herbs. Conse- 
quently, annuals and biennials are far more numerous 
than perennial herbs upon lands under the influence 
of soil cultivation. 

Some annuals that are especially common in culti- 
vated fields are listed in Tables 3 and 4 under the 
cropped land stage. They are in greater abundance 
during cultivation than at any time thereafter. How- 
ever, many other species are present in small num- 
bers during cultivation but become predominant dur- 
Thus, common 
ragweed (Ambrosia elatior), in particular, and black 
bindweed (Polygonum convolvulus), both of which 
characterize the following annual and biennial stage, 


ing subsequent successional stages. 


are also common on cultivated lands. Quackgrass 
(Agropyron repens) and Canada bluegrass (Poa 


compressa) also occur frequently. 

Although some herbaceous plants that are character- 
istic of fields in cultivation may persist into later 
others, like barnyardgrass 
(Echinochloa crusgalli) and common purslane (Por- 


stages of suecession, 
tulaca oleracea), are restricted to such lands almost 
exclusively. All of these wild herbaceous plants that 
are common on lands during cultivation possess cer- 
tain definite characteristies. On 
characteristics the species may be grouped as follows: 


the basis of these 


1. Species having seeds that remain viable for con- 
siderable periods of time; 

2. Species that require open situations and exposed 
mineral soil as a seed bed; 

3. Plants possessing seeds that are easily trans- 
ported by wind; 

4. Perennial herbs which are provided with means 
of vegetative propagation and are thus able to 
overcome the effects of both annual plowing and 
cultivation. 


In the succeeding paragraphs plants in each of 
the above categories will be discussed. 
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Viable seeds stored in the soil account for the estab- 
lishment of numerous herbaceous plants that are com- 
mon to the cultivated stage. Numerous investigators 
have demonstrated that many of these 
capable of lying dormant in the soil for long periods 
of time. These include Brenchley (1918), Brench- 
ley & Warington (1930, 1933, 1935) Runnels & 
Schaffner (1931), Darlington (1931), and Oosting 
& Humphreys (1940), Plants that have seeds which 
possess dormant qualities persist on lands under cul- 


seeds are 


tivation because a supply of seeds is nearly always 
available in the soil. Seeds that previously were 
turned under by plowing germinate when they are 
brought to the surface layers of the soil during the 
preparation of a field for the new crop. Some com- 
mon annuals and biennials that grow on cultivated 
lands and that possess seeds capable of remaining 
dormant for years are: Smooth crabgrass (Dig 'taria 
ischaemum), yellow bristlegrass (Setaria lutescens), 
spotted ladysthumb (Polygonum persicaria), lambs- 
quarters (Cheonopodium album), redroot amaranth 
(Amaranthus retroflecus), shepherdspurse (Capsella 
bursa-pastoris), Virginia pepperweed (Lepidium vir- 
ginicum), wild carrot (Daucus carota), and common 
ragweed. 

Those species that require open situations and 
mineral soil as a seed bed are specifically adapted to 
erowing on cultivated lands although they also occur 
on some uncultivated areas. They are usually unable 
to compete successfully with any other plants, and 
therefore cannot long persist. They are all annual 
in habit. Conditions in cultivated fields favor such 
species because competition with other plants is re- 
duced to a minimum and cultivation 
creates bare soil over a large portion of the area. 
Some common species included in this group of plants 
are: Barnyardgrass, stinkgrass (Hragrostis cilianen- 
sis), common purslane, and spotted spurge (Hu- 


also because 


phorbia supina). 

Species that possess seeds distributed by the wind 
include bull thistle (Cirsium vulgare) and common 
witchgrass (Panicum capillare). Bull thistle occurs 
commonly and produces light seeds that are carried 
by wind for long distances, whereas common wit¢h- 
grass has seeds that are seattered by the wind blow- 
ing the inflorescences along the ground. Neither of 
these species is known to produce seeds that possess 
dormant qualities. Consequently, to be present in 
the vegetation these plants must invade cultivated 
fields each year. The importance of wind-dissemi- 
nated seeds in accounting for the establishment of 
plants on such lands is obvious. 

Growth habits, especially vegetative reproductive 
habits, enable some plants to withstand the effect of 
annual plowing and, of even greater significance, the 
effect of soil cultivation. Many perennial herbs pos- 
sess vegetative characteristics that give them this 
ability, and such plants are common on lands under 
cultivation, although usually less numerous than an- 
nuals and biennials. They include those that multi- 
ply by means of an extensive system of rhizomes, as 
in the case of quackgrass and Canada bluegrass; those 
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TABLE 3. Abundance indexes for some herbaceous 
plants characteristic of successional stages on unburned 
nonporous soils. 
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Ace Cuass (Years Since Last Plowing) 


| 
Succes- | ' 
sional | | | 
Stage | Plant | Crop | 11- | 16- | 21- 
Species Type 0 1 2 | 3 | 4-5 / 6-10) 15 | 20 | 25 
| Digiteria (cut. /1!/0}o0/o0/o0lo0l0]|0 
ischaemum | Grain | 2 | 0 | 0 0/0 
| | Hay | 0 1 1 1 0 0 0 0 
Do eied seats is 
| Panicum | Cult. 1 1 1 1 0;0;]0);0 
|  capillare | Grain} 1 | 0 | O 0| 0 . 
2 | ae ae a ae ee Oo) oh |) ® 
S | 
— | Setaria | Cult. 4 4 2 2 1 1 0 | 0 
z | lutescens | Grain | 4 1 1 0; 0 
= | | Hay 4/1 ri 210i] 1} @] 0 
“4 | 
O | Chenopodium | Cult. | 4} 2/0!T!0/0!0) 0 
| album | Grain | 1 0 | 0 0 | 0 
|Hay |0/0/0/0/0/]0/0/0 
| Euphorbia | Cult. 1 1 0/;0;0/]0|]0)]0 
| supina | Grain} 1 | 0 | 0 10] 0] - 
I | Hay |0/0/]0/0;01!]0!]01]0 
| Bromus | Cult. | 0 | 1 1/3/]0;0]0]0 
| tectorum | Grain | 0 1 0 0; 0 
| | Hay | 0 | 0 Eee De he ae 
| Polygonum | Cult. | 1 2 1 1 0;0/;0/0 
3 convolvulus | Grain | 1 0 1 0 0 
‘a | | Hay | 1 0;0;0;0;0/0 
<~—CO|s«Ambrosia | Cult. 4 4 4 2 3 1 0 r 
~2 | elatior | Grain | 4 4 3 0 1 
a | Hay Os tae Ui eek i 1 1 
2 ahi 
g Erigeron | Cult. | 0 1 1 1 1 0';0;0 
= canadensis | Grain | 1 4 1 0| 0 
< | Hay 0! 0 0/;0)]0 1 0 1 


Cult. 


Lactuca Lome SB) Al. 1 Pie | ori 6 
| scariola | Grain | 1 1 1 0 | 0 
| Hay 1 0 1 0 1 1 0 
Agropyron | Cult. | 2 1 Mi a A a en Ts 
repens | Grain | 1 1 3 0 1 
Hay 0 0 1 2 0 3 2 1 
2 
‘2 | Poa Cult. | 1/2/4/5/6]8]2] 4 
5 compressa | Grain | 1 1 6 ? |10 
= | Hay 4 7% ? 4 ? ? 4) 3 
5 Poa | Cult. 0 1 3 1 1 1 4 $ 
= pratensis Grain | 0 1 1 741-2 
bac | Hay 0; ? ? 0|? ? 4 | 6 
2 Medicago Cult. 1 1 0 0 1 0 0 0 
gy sativa Grain | 0 0 1 1 0 
é Hay O18) eR el ol a oO 
Trifolium | Cult. | 1 1 l ey Oe 
pratense | Grain 1 4 3 0 0 
Hay 10 3 4 1 ] 1 1 0 
Potentilla Cult. 1 0 1 0 1 0 i 1 
recta Grain | 1 1 1 1 1 
Hay 0) 0 1 1 2/0/;310 
2 
= Aster Cult. oe); 61 To 1 1 1 1 
5 laevis Grain | 0 0 0 0 | 
= Hay 0 0 0 1 ? ? 0 0 
g Aster Cult. 0/0 1 0| 3 2 0 0 
S sagittifolius | Grain | 0 0 l 0 | 2 
3 Hay 0/;/0/;0);]0 4 ? 1 1 
= Solidago Cult. 0 1 1 1 2 2 3 1 
ue altissima Grain | 0 0 1 0 4 
E Bey 1010) 21017 1o14/3 
= Solidago ome | Or ri tit) s.r) | 1 
graminifolia | Grain 1 1 } 1 0 
ay 0/0]? o;1r?rfi1o;2io0 


Nore: Larger indexes mean greater abundances; for derivation of indexes see 
“i 

P. 352. ?” indicates abundance unknown beeause plants not identified to species; 
~ indicates no data. 


that spread through the ground by means of creeping 
roots, as exemplified by sheep sorrel (Rumex aceto- 
sella), Rugel plantain (Plantago rugelii), and Canada 
thistle (Cirsium arvense); and those that reproduce 
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by sending out shoots from the root crown, 
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“egy 


Crop 
Type | 0 


| Cult. 


1 
Grain | 2 
ay 1 


Cult. 1 


Grain 1 
Hay 1 
Cult. l 
Grain | 3 
Hay 4 
Cult. 1 
Grain 1 
Hay 1 
Cult. 1 
Grain 0 
Hay 0 
Cult. 0 
Grain | 0 
Hay 0 
Cult. 1 
Grain | 0 
Hay 0 
Cult. 3 
Grain | 6 
Hay 1 
Cult. 0 
Grain | 0 
Hay 0 
Cult. 1 
Grain | 0 
Hay 0 
Cult. 3 
Grain | 0 
Hay 0 
Cult. 1 
Grain | 0 
Hay 0 
Cult. 1 
Grain 0 
Hay 0 
Cult. 0 
Grain 0 
Hay 0 
Cult. 1 
Grain 3 
Hay 6 
Cult. 0 
Grain 0 
Hay 0 
Cult. 0 
Grain | 0 
lay 0 
Cult. 0 
Grain 0 
lay 0 
Cult. 0 
Grain | 0 
Hay 0 
Cult. 0 
Grain | 0 
Hay 0 


Ace Cuass (Years Since Last Plowing) 


Larger indexes mean greater abundances; 
indicates abundance unknown because plants not identified to species; 
indicates no data. 
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TabLe 5, Rate of establishment of woody plants by age 
classes on unburned nonporous soils expressed as per- 
centages of the total number of observations for each 


species and crop type. 
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TABLE 6. Rate of establishment of woody plants by 
age classes on unburned porous soils expressed as per- 
centages of the total number of observations for each 
species and crop type. 








Ace Crass (Years Since Last Plowing) 





Plant Species | No. of | Crop | 11- | 16- | 21- 
Obs. | Type | 0 | 1 | 2 | 3 | 4-5) 6-10) 15 | 20 | 25 
Rubus spp Cult 0; 0o| o| X* 0} X|X|xX 
Grain 0 0 0 ee xX 
Hay 01010601 0)\xX1xX1x1z 
Rhus 39 Cult, 8 | 10 8 | 18 | 51 5| 0} O| 0 
typhina | 1 Grain | 50 | 0/50] 0} Of} O} O} OF O 
5 | Hay 0120} 0| 0} 0} 80} OF] 0} O 
Rhus ; 9 Cult. | | 1} 22] ©} 46] 1} Of} OF 0 
glabra | 5 | Grain | 20 | 20] 40 | 2 | O| 0 1 0] O| 0 
| 0 |Hay | O}| O} Of OF OF OF OF OF O 
| | 
Vitis sp 8 Cult 0113] 0} O| 0} 75] 13] Of} O 
1 | Grain 0} Of} Of} O00) OF OF OF O 
| 2 Hay 0! 0} O} Of} 0; 50} 50) OF} 0 
| 
Cornus | 12 Cult 8 | 17 Ss 8 | 41 | 17 0 0 0 
racemosa | 16 | Grain | 0} 25/19] 6/50; 0; O} O07 O 
1) |: Hay 9 | 36 | 18 0 0 | 36 0 0 0 
Acer } 8 | Cult 0/13} 0] 13 }13 1/63} oO] 0} 0 
negundo 2 Grain | 50} 0} 0} 50| 0} Of OF} O| 0 
0 Hay 0 0 0 0 0 0 0 0 0 
Ulmus 215 Cult 6 | 57 | 13 7 & Ss 0 0 0 
americana 222 Crain | 48 | 37 5 5 4 l 0 0 0 
a0 Hay 0; 17; 18 >| 13 | 38 | 22 0 0 
Prunus 26 Cult 31) 15 4) 11) 2 | 18 0 0 0 
serotina 4 Ciraia | 25 | 75 0 0 0 0 0 0 0 
i) La 5125115; 10;) 5/33) 5; 0) O 
Crataegus sp 30 Cult WwW 33 7; 7 | 2 0 0 0 
iv Gain | 21 21 ) 160 «37 0 ) ) 0 
16 Hay 0 6 | 13) 19 | 37 | 19 6 0 0 
Juglans 17 Cult 23 | 12 0 6 23 18 | 18 ) D 
nwyra U Crain 0 0 0 0 0 0 0 rt) 
3 Hay ) 0 s7 ) 33 ) ) 
uercus Spp. 2 Cult v 5 v 0 Vv ) 
1v Cra’ 30 30 WwW ) ) ) 
i Hay »/ O 0 100 »| 0 
Carya spp. 12 Cult 0 » 10 ) ) ) ) 
31 Gra v 3 ) ») 38 ) ) ) 
2 Hay ) ) ) $j 7 24 0 
ae. 4 xdicates only occurrence of plants on study areas Of thal age Class 
the rate of actual establishment was not determined ndicates no data. Th 
figures on each line may vot total 100% because they were rounded fF to the 
searest whole uumber 


cultivated tields, several woody plants also frequently 
For 


that some 


invade during this early stage of succession. 
example, it will be seen (Tables 5 and 6) 
common shrubs and trees, which comprise the shrub 
respec tive- 


Accord 


species 


stage (7) and the intolerant tree stage (5), 
lv. become established on cultivated lands. 
to the above tables, the more unportant 


that occur with the last crop on both the heavy, non 


porous soils and the hght, porous types of soll im 

clude the following: Smooth sumac (Rhus glabra 

Alpericd 2 elm (Ulmus americana), and black cherry 
jp? rotunda ) 


Ace Cass (Years Since Last Plowing) 














= — | a 7" 
; | | | 
Plant Species | No. of | Crop | | i | 16- | 21- 
Obs. | Type | 0 | 1} 2 | 3 | 4-5|6-10| 15 | 20 | 25 
. Me: eats | | 
= — = 
| | 
Rubus spp. Cult. 0}; 0} O| X*| X| xX | x | xi 
Grain| 0} -| 0| X| X] Bie ee 
Hay 0| - 0; 0] 0} - 
Rhus 6 | Cult. | 0/17] 0} 0| 33] 17] 33] 0] 0 
typhina { Grain | 0| 0| 25} 0/7 0| 0] 0| 0 
0 Hay 0 0 0 0 0 0 0 0 0 
Rhus 13 Cult. | 85 | 0/;15| OO} 0} O} OF} 0) O 
glabra 0 Grain} 0} 0} 0} 0} O| O} O} 0; O 
0 Hay 0} 0] 0} 0} O|] O|] O| O| 0 
Vitis sp. 9 Cult. 0 | 33 | 22 0} 11 | 22) 11 0; 0 
7 Grain 0 | 14) 4 0 | 14 | 29 0; 0; 0 
3 Hay 0 0 0} 0} 33 | 67 0; 0; 0 
Cornus 13 Cult 0 & 4§ | 23 0 8 0 8 8g 
racemosa 5 Grain 0 0.40 20 0 40 0 0 0 
5 Hay 0 0 | 20 0 0 80 0 0 0 
dcer 10 Cult 40) 30 10 20 0 0 0 0 0 
negundo 1 Grain 0 0 100 0 0 0 0 0 0 
Hav ( 0 0 0 0 0 0 0 0 
Ulmus 313 Cult 23 | 33 | «39 2 1 2 i 0) 0 
rmerican 5 Gra 93 5 { 1 1 0 0 0 
Ha 40 ( 10 40 0 0 0; 
Prunus 65 Cult 3113 8 9 12 8 l 0 
serotin 75 Ta 25 7 5 5 13 1 0 35 
5 Ha 13 3 7 «60 7 0 
Crataegus s t 8 3 4§ 31 8 { 
Pa 34 25 ) 5 0 Ww 0 
{a 30 20 «20 30 ) 0 
Jugians 4 “ult ) ) 75 | 2 ) 0 
nigra > ) 0 ) 
ia ( ) ) ) ) 0 
Quercus spt 4 t 7 ) 7 + 50) 21 
{ rain ” - a 20 7 7 3 
? la ) ) ) ) i) 
Irya S| alt ) ) 33 ) 87 
ra. ) 60 ) ) ) ) » | 2 
2 ja ) ) ) 50 50 ) 

*“X” indicates weurrence of plants on study areas of that age ciass o© 
the rate of actual estabusoment was not letermined * indicates no data. ine 
figures on each line may not total 100° because they were rounded off to the 
nearest whole number 

Although it is important to note the presence of 


ated fields, is of even greater 


woody plants 1 ‘u 

importance to learn the rate of their actual establish- 
ment on such lands. In the case of American em, 6% 
of this species becomes established in fields having 
nonporous soils, and 25% in fields having porous sor» 


Tables 5 and 6 This difference in the amount 


erences je- 
ultiva- 


arlier than heavier soils, and, consequently, they 


tf establishment reflects environmental lif 


tween these sous. ight soils are ready for 


tion 


are ordinarily plowed and planted by the time em 


Therefore, numerous elm seeds are ible 
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to germinate and many seedlings become established 
in such fields. Heavy soils, on the other hand, are 
usually not ready for plowing until most of the seeds 
have matured and fallen to the ground. Therefore, 
the majority of the seeds or seedlings are destroyed 
on such areas when they are finally plowed. Relative 
densities of the vegetation on the two soil types could 
also explain differences in the amount of elm that 
becomes established. The plant cover on porous soils, 
being less dense than that on nonporous soils, offers 
less competition to elm seedlings both above and _ be- 
low the ground surface. This fact could quite logi- 
eally account for a greater survival of seedlings and 
their presence in greater numbers on sandy soils than 
on clay soils. 

Since approximately 30% of the black cherry seeds 
is on lands under cultivation on both general soil 
types (Tables 5 and 6), it appears that this species 
has no special soil preferences. A slight preference 
for a mineral seed bed, however, is suggested by the 
larger amount of establishment that occurs on culti- 
vated lands as compared to small grain or hay lands. 
A number of seed-eating birds and mammals that oe- 
cur on cultivated lands are responsible for spreading 
the seeds of black cherry. The specit)« part that each 
animal plays is unknown, but it can be assumed that 
prairie deer mice (Peromyscus maniculatus bairdii)*, 
eastern (Turdus 
slate-colored juncos (Junco hyemalis hyemalis), and 


robins migratorius migratorius), 
several sparrows assist in disseminating such seeds. 

Small grain lands.—Grain fields are similar to cul- 
tivated fields in that annuals and biennials predom- 
inate in the adventive vegetation. Many of these 
plants are common to both crop types, but are usually 
more numerous on grain lands, causing them to be 
more crowded and the amount of bare soil to be less 
than that which occurs on fields in a cultivated crop. 
This is due to the fact that grain fields are not dis- 
turbed by cultivation and all plants that became 
established can grow throughout the entire season. 

The date of harvesting grain crops also influences 
the density of the vegetation. Small grains are ordi- 
narily harvested a number of weeks earlier than most 
other crops. Consequently, annual and biennial weeds 
that are present complete their growing season free 
of competition with the grain plants. Therefore, they 
are able to develop into a dense growth before being 
killed by cold weather. 

A few plants that characterize grain fields are 
listed in Tables 3 and 4. 
but are rarely abundant. 
vaders become predominant during later 


Other species also occur 
Some of these early in- 
stages of 
succession. 
Plants associated with smali grains are: 
1. Species that require relatively open situations 
and mineral] soil as seed bed; 
2. Those possessing seeds that frequently occur as 
impurities in the seed of grain crops; 
3. Species having seeds that remain viable in the 
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soil for considerable periods of time; 


ras 


. Light seeded plants that are dispersed by wind; 
5. Perennial herbs that are able to withstand the 
effects of annual plowing. 


The first group above includes such plants as stink- 
grass, common purslane, and spotted spurge, which 
also occur on cultivated lands. However, these spe- 
cies are usually not so numerous in grain fields be- 
cause of the denser vegetation and the corresponding 
smaller amount of bare soil. Furthermore, they ordi- 
narily persist for only a single year on small grain 
lands, whereas on cultivated lands they may persist 
for a number of years after abandonment. 

Numerous annuals or biennials and perennial herbs 
are present in small grain fields because their seeds 
are with the grain erops. 
Plants in this category are frequently common weeds 
on farm lands. Originally they occurred in loeali- 
ties scattered throughout the world, but their seeds 
were introduced as impurities in the seed of a variety 
of farm crops, according to Runnels & Schaffner 
(1931) and Darlington, Bessey & Megee (1945). 
These plants now are widely distributed in many 
parts of the country. 


sown along seeds of 


Some plants that occur com- 
monly in grain fields and frequently contaminate 
small grain seed are: Quackgrass, yellow bristlegrass, 
lambsquarters, and sheep sorrel. 

Species characteristic of groups three, four and 
five have also been listed for cultivated lands. There 
are, however, a few minor differences in the group 
of plants possessing dormant seeds. For instance, 
such species as lambsquarters, redroot amaranth, and 
shepherdspurse are likely to be much less numerous 
in grain fields than in cultivated fields. 

Many perennial herbs are also common to both 
cultivated and small grain fields, but usually they 
Still other peren- 
nials are likely to be common in grain fields and 
uncommon or even absent on lands in a cultivated 
Most important of these are red clover (T'ri- 
folium pratense) and white clover (Trifolium repens), 


are more numerous on grain lands. 


crop. 


which are frequently sown with grain crops as green 
manure, 

Cultivated fields and grain fields differ in still an- 
other respect. Thus, some herbaceous plants appear 
on lands supporting a grain crop and not on eulti- 
vated lands until the first year of abandonment. Spe- 
cies in this category include horseweed fleabane (Fri- 
geron canadensis) and grassleaf goldenrod (Solidago 
graminifolia). 

American elm is common upon small grain lands 
during the vear of their last plowing. Several other 
shrubs and trees also may be present, These include 
staghorn sumac (Rhus typhina), smooth sumac, haw- 
thorn (Crataegus sp.), black cherry, hickory (Carya 
sp.) and oak (Quercus sp.) (Tables 5 and 6). 

Each of these woody plants becomes established in 
grain fields in varying quantities depending upon a 
number of factors. These include proximity of seed 
trees, number of seeds produced, method of seed dis- 
persal, seed bed requirements, type of soil, and final 
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crop type. American elm is a species that illustrates 
the infiuence of these factors on its establishment. 
This species is probably the most common tree 
throughout the area under investigation, which means 
that it frequently occurs adjacent to an abandoned 
field. Furthermore, it usually produces enormous 
numbers of seed that are widely distributed by the 
wind. Consequently, a supply ef elm seed is nearly 
always readily available to any piece of idle agri- 
cultural land. 

The influence of each of the remaining factors is 
illustrated by data contained in Tables 5 and 6. 
According to these data, 93% of the elm in grain 
fields having light, porous soils, beeomes established 
during the last cropping season, whereas in fields on 
heavy, nonporous soils only 48% becomes established 
during this same period. This is further evidence of 
the influence of soil type on elm establishment. The 
importance of mineral soil as a seed bed for elm is 
shown by the relatively large amount of establish- 
ment that occurs early in succession as compared to 
the smaller amount that oceurs during later suceces- 
sional stages. Conclusive evidence of the influence 
of crop type on the establishment of this species is 
apparent when the above data are compared with 
corresponding figures for lands under cultivation. 
The absence of soil cultivation in grain fields easily 
accounts for the relatively much larger amounts that 
invade such lands. 

The establishment of oaks and hickories in grain 
fields also depends upon the type of seed bed these 
trees require and conditions that oceur on grain 
lands. To germinate properly the heavy seeds of 
these trees require uniform temperatures and _ suffici- 
ent moisture. Such conditions are better provided 
by the denser vegetation that occurs in a grain field 
than by the relatively sparse plant cover found in a 
cultivated field, The lack of soil cultivation may 
also explain the presence of caks and hickories in 
grain fields, since they are absent from cultivated 
lands until the first year after abandonment. 

In summary, conditions that are observed in grain 
fields represent a shghtly more advanced stage of 
succession than those that occur in cultivated fields. 
Thus, grain fields are characterized by: 


1. The presence of smaller areas of bare soil be- 
tween the individual plants and a corresponding 
denser type of vegetation; 

2. The presence of herbaceous plants such as horse- 
weed fleabane and grassleaf goldenrod, that do 
not occur in cultivated fields until the first vear 
following abandonment; 

3. The much larger amount of American elm that 
becomes established with the last crop; 

1. The earlier establishment of trees such as oaks 
and hickories. 


Hay lands.—Conditions in hay fields the year of 
their establishment are in marked contrast to those 
that occur in fields supporting either cultivated or 


small grain crops. Hay plants are usually seeded 


with the final small grain crop or drilled into the 
stubble. These plants quickly form dense stands, 
causing the vegetation to be composed principally of 
perennial herbs intended for hay. Thus, only one or 
two species form the predominant cover, of which red 
clover (grouped with species comprising the perennial 
grass stage of succession) is the most abundant 
(Tables 3 and 4). Furthermore, these hay plants are 
so numerous that the surface of the ground is com- 
pletely covered. 

Except for yellow bristlegrass, annuals and biennals 
are present in only small amounts in hay fields during 
the year of establishment. This is due principally to 
the fact that they are unable to compete with peren- 
nial herbs and also to the fact that mowing prevents 
the production of seeds, their only means of propa- 
gation, but has little effect upon the growth and repro- 
duction of perennials. 

Hay fields also differ greatly from both cultivated 
and small grain lands in the number of woody 
plants. Thus, only gray dogwood (Cornus racemosa), 
American elm, and black cherry occur in this early 
stage (Tables 5 and 6). The absence of exposed min- 
eral soil must, partially account for the searcity of 
shrubs or trees since it is known that mineral soil 
provides the most desirable seed bed for a number 
of these plants. Woody plants may also be lacking 
from hay fields because of the adverse competition 

f the dense plant cover and also because of the un- 
attractiveness of hay fields to the prairie deer mouse 
as well as a number of common seed-eating birds. 

Birds present at the time of abandonment.—The 
birds that utilize agricultural lands during the last 
year of plowing are much the same as on any culti- 
vated farm. Their numbers are small compared with 
the numbers that utilize uncultivated lands. On the 
basis of the season of the year during which they are 
most common in Washtenaw County, birds that oceur 
on farm lands may be elassified as follows: (1) Sum- 
mer residents; (2) Winter residents; (3) Permanent 
residents. 

Species that reside in the county during the breed- 
ing season only include a variety of common song 
birds. Some of them are listed in Table 7. Nu- 
merous sparrows, such as the eastern grasshopper 
sparrow (Ammodramus savannarum australis) and 
the eastern (Poaecetes gramineus 
gramineus) are inciuded in this category. These birds 
are common in cultivated or small grain fields, where 
they feed largely upon weed seeds, but they also 
utilize almost all types of crop lands as nesting sites. 
Other species that may be present on farm lands are 
the bobolink (Dolichonyx oryzivorus) and the eastern 
meadowlark (Sturnella magna magna). These birds 
a perennial type of vegeta- 


vesper sparrow 


show a preference for 
tion, and are therefore most numerous on hay fields. 

Some birds that make use of farm lands in this 
region during the winter period migrate from lo- 
ealities to the north. The slate-colored junco, and 
the eastern tree sparrow (Spizella arborea arborea) 
are examples (Table 7). Beal & MeAtee (1922) and 
Allen (1938) report that these birds feed largely 
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TABLE 7. 
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Use of successional stages by some common birds. 





SUCCESSIONAL STAGE* 


Bird Species 6(5) 5(6-7)- | 5(6-8)- 
Oo 4 4(5) 4(5) 5 5(6) 6 7(5-6)T | 7(6-8)tt| 8(5-7) 
SuMMER ReEsIDENTS 
Woodcock......... : 0 0 0 0 0 0 0 0 x x 
Minera. ........-. 0 0 0 0 XX 0 0 0 x 0 
Cater... ...... } : 0 0 0 0 X 0 0 X x xExx 
Brown thrasher. . . 0 0 0 0 0 0 0 xX X xxx 
tobin..... ’ 0 0 0 0 xX 0 0 x XX XXX 
Bobolink. . . 0 0 0 0 XXX YS * 0 x 0 0 
Meadowlark. . . XX xX XX x XXX XXX 0 EX XX XXX 
Red-eyed towhee. . 0 0 0 0 0 0 0 xX x XXX 
Grasshopper sparrow 0 XX X 0 XX xX 0 0 0 0 
Henslow’s sparrow 0 x 0 0 X XX 0 0 x 0 
Vesper sparrow.... XX XX X 0 X x 0 0 0 0 
Field sparrow. 0 XXX XXX 0 XXX XXX XXXX XXXX XXXX XXXX 
Song sparrow. ’ 0 XXX XXX XXX XX XXX XXX XXX XXX XXX 
WINTER RESIDENTS 
Slate-colored junco. . XX XXX XXX 0 0 0 0 0 0 XXX 
Tree sparrow XXX XXX XX 0 0 0 0 0 XX X 
PERMANENT RESIDENTS 
Bobwhite. . i XXX XXX XX XXXXX X XXXX 0 0 xX XXXXX 
ting-necked pheasant XXX XXX XXX XX xX XX XX xx XXX X 
Mourning dove..... XXX x XX 0 0 0 0 0 xX XX 
Horned lark. . a XXX xX 0 XX 0 0 0 0 0 0 
a a eee 0 0 0 0 0 0 0 0 5. 1 XX 
Black-capped chickadee 0 0 0 0 0 0 0 x XX XX 
Goldfinch.......... XXX 0 0) 0 X x 0 XX XX Xxx 
*See Table 2, p. 353, for explanation of successional stages. Associated stages indicated in parentheses. 
tIncludes also 6(5-7) and 6(7). +tIncludes also 6(7-8) and 7(5-8). 
Norte: Number of “X”’ marks indicates freauenc: of observation reduced to common terms; see page 12 for method of preparing table. 
upon weed seeds. Consequently, their presence on winter months (Table 8).  Dalke (1937) reports 


farm lands at this season of the year is easily ex- 
plained. Both of these species show preferences for 
areas that offer moderate amounts of protection from 
wind and snow, but neither of them utilizes hay 
fields to any great extent due to the lack of annual 
and biennial .seed-producing plants. 

The ring-necked pheasant (Phasianus 
torquatus) and the bobwhite 
virginianus) are two permanent residents that make 
use of farm lands throughout the entire year (Table 
7). Eastern mourning doves (Zenaidura macroura 


colchicus 


(Colinus virginianus 


carolinensis) and prairie horned larks (Otocoris al- 
pestris praticola) are also included in this category, 
since a few of each of these species winter as far 
north as Washtenaw County. Doves and bobwhite 
both feed extensively upon waste grain and also upon 
an assortment of weed seeds as reported by Roesne 
(1939), and Errington (1939), and therefore utilize 
cultivated and small grain fields chiefly during the 
fall and winter periods when quantities of seeds are 
available. Horned larks prefer open, wind-swept 
habitats, also feeding principally upon weed seeds, 
according to Beal & MeAtee (1922) and Allen 
(1938). 

That pheasants make use of a variety of crop lands, 
depending upon the season of the year has been 
reported by Leedy (1939), Randall (1940) and Wight 
(1945a). During the present investigation, the heavi- 
est use of farm lands by these birds was in the 


that pheasants also feed upon large amounts of fallen 
grain and weed seeds at this time of the year. 
Mammals present at the time of abandonment.— 
Several kinds of mammals are associated with farm 
lands the year of last plowing. These include some 
small mammals such as the prairie deer mouse, the 
house mouse (Mus musculus), and the meadow mouse 
, cottontail 
rabbits (Sylvilagus floridanus mearnsii), and a num- 


(Microtus pennsylvanicus pennsylvanicus) 
ber of larger mammals. By far the most common 
small mammal is the prairie deer mouse (Fig. 4). The 
food of this mouse consists chiefly of weed seeds and 
fruits of common shrubs or trees, according to Cogs- 
hall (1928). For this reason, it may play an im- 
portant role in 


disseminating the seeds of many 


herbs and woody plants. Owing to its food habits, 
the prairie deer mouse is much more common upon 
lands supporting an annual or biennial type of vege- 
tation than upon areas that are covered by perennial 
plant species. This accounts for its presence in great- 
er numbers upon cultivated or small grain fields than 
upon hay fields. 

Cottontail rabbits utilize a variety of farm lands 
during the breeding season, but prefer hay fields as 
nesting sites as evidenced by the work of Trippensee 
(1934) and Beule (1941). 
frequent farm lands during the period that snow is 
on the ground (Table 9). 


They also occasionally 
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TABLE 8. Seasonal use of successional stages by the ring-necked pheasant as indicated by 
observation of sign. 
SuccessIoNaL StaGe* 
Season Type of Sign 6(5) 5(6-7)- | 5(6-8)- 
C 4 4(5) (4) 5 5(6) 6 7(5-6)t | 7(6-8) tT} &(5-7) 
Birds Seen XXX XX 0 0 xx x x | mex 0 
s Tracks... XXXXX | XXXXX X 0 XXX XXX XX XXX XXXX 
5 Roosts....... 0 xXx xX 0 0 0 - X xXx | 0O 
4 Nests. ; 0 0 0 0 0 ) 0 0 0 
Lo, es | 0 0 0 0 0 0 0 0 0 
Birds Szen : 0 xX 0 0 0 XX x XX 0 
7» Tracks..... 0 0 0 0 0 0 0 xX 0 
‘— Roosts ae xx x 0 0 0 XX X5K XXX 0 
ay Nests..... : 0 0 0 0 0 xX 0 0 0 
Dusting..... 0 0 0 0 0 0 x 0 0 
b Birds Seen : 0 0 Xx 0 XxX xX 0 0 0 
g Tracks 0 0 0 0 0 0 0 0 0 
E Roosts . 0 0 0 0 0 x 0 0 xX 
D Nests. ... A 0 0 0 0 0 0 0 0 0 
Dusting. 7 0 0 0 0 0 x 0 0 0 
Birds Seen con 0 xX XXX XXX X X XX 0 x X 
Tracks...... 0 xX 0 0 xX xX XXXXX 0 0 XX 
= Roosts . . é , 0 x Kix 0 x xX Xxx x xX xX 
& I bi 85 ocsixs 0 0 0 0 0 0 0 0 0 0 
Dusting : 0 0 0 0 0 0 0 0 0 0 


*See Table 2, p. 353, for explanation of successional stages. 
tincludes 6(5-7) and 6(7); ttIncludes 6(7-8) and 7(5-8). 


Associated stages indicated in parentheses. 


Nore: Number of “X” marks indicates the frequency of observations reduced to common terms; see page 12 for method of preparing table; “‘-”’ indicates no data. 
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Fig. 4. Average small mammal catch expressed on the 


basis of 100 snap traps for two nights in the fall. + See 
Table 2, p. 353, for an explanation of the successional 
Associated stages indicated in parentheses. * In- 
* Includes 6(7-8) and 7(5-8). 


stages. 
eludes 6(5-7) and 6(7). 


Several other mammals are also found on cropped 
lands. Some of the more important ones are in- 
cluded in Table 10. Fox squirrels (Sciurus niger 
rufiventer) obtain waste corn or fallen grain from 
such lands. Other mammals that oceur include foxes 
(Vulpes fulva), weasels (Mustela sp.), dogs (Canis 
familiaris), and house eats (Felis domestica). Most 
of these animals prey upon many kinds of small mam- 
mals, including the prairie deer mouse. 

ANNUAL-BIENNIAL STAGE 

Following the cropped-land stage of succession the 
vegetation in abandoned cultivated or small grain 
fields first passes through a brief stage characterized 
by the predominance of annuals and biennials (Fig. 
3). On eultivated lands this annual-biennial stage 
may persist through the third year of abandonment, 
whereas on small grain lands it lasts only during the 
first two vears. As a general rule, annuals are more 
common than biennials, but such biennials as bitter 
wintereress (Barbarea vulgaris) and others may pre- 
dominate under conditions. Several common 
annuals that are especially prominent in the vegeta- 
tion on cultivated lands include black bindweed, com- 
mon ragweed, and prickly lettuce (Lactuca scariola) 
(Tables 3 and 4). Common ragweed and horseweed 
fleabane are likely to he numerous on small grain 


some 


lands. 

The annual-biennial stage on small grain lands ac- 
tually has its beginnings during the last year year of 
cropping, since most annual and biennial plants seed 
in prior to abandonment. Such species continue to 
predominate during the first vear of abandonment be- 
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TABLE 9, Seasonal use of successional stages by the cottontail rabbit as indicated by 
observation of sign. 





SUCCESSIONAL STAGE* 


5(6 S)- 


Season | Type of Sign 6(5) | 5(6-7)- 
| C 1 4(5) | 5(4) 5 5(6) 6 | 7(5-6)t | 7(6-8)tt 85-7) 
- | Rabbits Seen... .. 3 x 0 0 x 0 xxx Ex xx 
2 oe XXXX | XXXX | XXXX | XXXXX| XXX | XXXXX XXXXX | XXXXX | XXXXX 
& Forms..... : 0 0 0 0 0 0 - x x 0 
= | Nests........... 0 0 0 0 0 0 0 0 0 
| Droppings........ 0 0 xX 0 0 xX - 0 XXXX 0 
| Rabbits Seen... .. 0 x x 0 X bs : XX xx XEX 
4 Tracks........ x 0 0 0 0 0 0 XxX 0 
— ee 0 0 0 0 0 0 x x 0 
7) eee ; 0 0 0 0 0 xX - xX 0 0 
| Droppings... .. fb @ 0 0 0 0 0 - 0 0 0 
= Rabbits Seen..... - 0 0 0 0 0 0 x xX 0 
3 ee 0 0 0 0 0 0 0 0 0 
5 | POrms......: ae 0 0 0 xX 0 xk xXx 0 0 
ae - 0 0 0 0 Xx 0 0 0 0 
Droppings........ ~ 0 0 0 0 0 XXXX xX 0 0 
| Rabbits Seen... . . | 0 0 x XXXX xX x 0 xX XxX XxX 
DIACKS..... 5s ae 0 xXx 0 0 x XxX Xxx 0 XX EXx 
= | Forms...... ~ ae 0 0 0 0 0 0 0 0 0 
i: ere | 0 0 0 0 0 0 0 0 0 0 
Droppings........ 0 x 0 0 0 0 0 x 0 xxx 


*See Table 2, p. 353, for explanation of successional stages. 
tIncludes 6(5-7) and 6(7). ttIncludes 6(7-8) and 7(5-8). 


Nore: Number of ‘‘X” marks indicates the frequency of observations reduced to common terms; see page 12 for method of preparing table; “* 


Associated stages indicated in parentheses. 


” indicates no data. 


TABLE 10, Use of successional stages by some common mammals. 





Species 

C 1 4(5) 
RN Soo a ae vei dele, 0 0 0 
are es x 0 0 
aS ce a es es | 0 x 0 
ie rs tree ies, he Pd 0 0 0 
DRS hs eee De Airs aia tea-aled/ Gs xXx 0 0 
_.. eee x 0 x 
SE ae ee aaa XxX 0 x 
te | xX 0 0 


SUCCESSIONAL STAGE* 
6(5) 5(6-7)- | 5(6-8)- 

5(4) 5 5(6) 6 7(5-6)F | 7(6-8)Tt| 8(5-7) 

0 0 0 0 0 x 0 

0 p 4 0 0 0 xX x 
b % % 4 0 0 0 0 0 0 
XX 0 0 0 0 XX D 1 

0 XXX XX 0 x xXx xX 

0 xX XXX 0 XXX XXX XXXXX 
XxX xX XXX 0 x xX 0 
xX 0 0 0 0 xx EXz 








*See Table 2 ,p. 353, for explanation of successional stages. Associated stages indicated in parentheses. 


tIncludes 6(5-7) and 6(7). ttIncludes 6(7-8) and 7(5-8). 


Nore: This table is based exclusively upon track counts of each mammal; number of ‘“X”’ marks indicate frequency of observation reduced to common terms; see page 


12 for method of preparing table. 


cause they grow rapidly in the absence of ecompeti- 
tion with grain plants and also with perennial grasses 
that characterize the next stage of succession. On 
cultivated lands the annual-biennial stage contrasts 
sharply with conditions that occur the year of last 
cultivation. Soil cultivation, resulting in the elimina- 
tion of competition and at the same time exposing 
large areas of bare soil, creates conditions suitable 
for the establishment and growth of numerous annual 
and biennial species. These plants, therefore, do not 
become especially abundant until immediately follow- 
ing abandonment. Succession on small grain lands 


is thus approximately one year ahead of that on 
cultivated lands. 
Numerous other plants, many of which are char- 





acteristic of later stages of succession, are also present 
in small numbers during the annual-biennial stage. 
Some of the common ones are Canada bluegrass and 
Kentucky bluegrass (Poa pratensis), sulphur cinque- 
foil (Potentilla recta), and a variety of asters (Aster 
spp.) and goldenrods (Solidago spp.) (Tables 3 and 
4). Various woody plants also may invade during 
the annual-biennial stage. They include all of those 
mentioned previously for the cropped-land stage with 
the addition of blackberries or raspberries (Rubus 
spp.). Even oaks and hickories may be found at this 
time on cultivated lands (Tables 5 and 6). 
Several factors influence both the composition and 
duration of the annual-biennial stage by determining 
the order in which the various plant species predom- 
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inate. Some of these factors were analyzed by Keever 
(1950) who studied plant succession during the first 
three years following the abandonment of farm lands 
in the Piedmont of North Carolina. According to 
this investigator, factors such as the time of seed 
maturity, the period of time between seed maturity 
and seed germination, drought resistance, tolerance 
to shading, and the time of the year at which farm- 
ing activities cease have a direct bearing upon the 
development of the vegetation during the early stages 
of succession. Although the effects of these factors 
were not studied in the present investigation, their 
importance in controlling the rate and direction of 
succession should be apparent. 

Although the annual-biennial stage may persist but 
a short time, some of the plants that characterize it 
continue to be present in small quantities through 25 
years or more. Examples of these are the common 
‘agweed, horseweed fleabane, and prickly lettuce. 
These species persist principally on light, porous soils 
where the vegetation is less dense and affords less 
competition for space than on heavy soils. Annuals 
of this sort may also persist in small numbers on 
heavy soils, being most likely to oceur where the soil 
has been disturbed, as by the workings of a mole 
(Scalopus aquaticus machrinus) or woodehueck (Mar- 
mota monax mona), or the dusting activities of a 
pheasant. Some biennials that are common during 
later stages of succession, such as the wild carrot 
and evening primrose (Oenothera pycnocarpa), may 
become established in the early stages. Actually 
many biennials lie between the annual-biennial and 
perennial grass stage, since they become established 
in the first stage and persist into the second. 

Woody plants become established in varying amounts 
during the annual-biennial stage although they do 
not become predominant until much later (Tables 5 
and 6). The establishment of such trees as American 
elm is practically completed by the end of this 
period. Differences in the rate at which elm becomes 
established on cultivated and small grain lands sup- 
port the conclusion drawn earlier that succession is 
more rapid on small grain lands. Accordingly, this 
species becomes established in significant amounts 
through the second vear of abandonment on cultivated 
lands, whereas on small grain lands its establishment 
is almost completed by the end of the first year. 

Larger numbers of birds and mammals find suit- 
able conditions during the annual-biennial stage then 
during the eropped-land stage. Among the birds 
that are resident during the summer are grasshopper 
sparrows, vesper sparrows, field sparrows (Spizella 
pusilla pusilla), and eastern song sparrows (Melo- 
spiza melodia melodia). During the fall and winter 
slate-colored juncos and tree sparrows are common, 
and throughout most of the year pheasant and bob- 


white make use of such areas. 

All of these birds are known to feed extensively 
upon the seeds of many annual and biennial weeds. 
In the case of the pheasant, signs of birds feeding 
on the snow showed repeatedly where they had uti- 
lized seeds of common ragweed and other plants. It 
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has been reported by Swank (1944) and Krefting & 
Roe (1949) that pheasants, as well as other birds, 
defecate seeds of many plants that are still in a viable 
condition. Consequently, seed-eating birds account for 
the dissemination and establishment of plants that be- 
come predominant during subsequent stages. Some 
plants that may become established in this manner in- 
clude a variety of perennial herbs, such as red clover 
and night shade (Solanum sp.), in addition to woody 
plants such as gray dogwood, red-osier dogwood 
(Cornus stolonifera), blackberries and raspberries, 
hawthorn, and black cherry. 

Ring-necked pheasants commonly roost in the an- 
nual and biennial type of cover that occurs during 
this stage in every season of the year except summer 
(Table 8). While this cover is rank, it is also brittle. 
It thus offers little concealment during the winter 
season, but does provide some measure of protection 
from winds and heavy snow. During the summer 
pheasants previously have been shown to make ex- 
tensive use of farm lands. 

Prairie deer mice, as in the earlier stage, continue 
to be the most common small mammal, but there is 
a slight decline in their numbers as compared with 
areas in the cropped land stage (Fig. 4). Other 
small mammals that may be present include the 
masked shrew (Sorex cinereus), least shrew (Cryp- 
totis parva), short-tailed shrew (Blarina brevicanda 
kirtlandi), white-footed mouse (Peromyscus leucopus 
noveboracensis), meadow mouse, and the house mouse. 
None of these animals occurs in any great numbers. 

Cottontail rabbits utilize cover in this successional 
stage at all seasons except summer (Table 9). Cot- 
tontails normally return to farm lands during the 
summer period when cover afforded by agricultural 
crops is at a maximum (Trippensee 1934). Accord- 
ing to field data and the work of Trippensee (1934), 
Allen (1938), and Dalke & Sime (1941), numerous 
plants that are present upon lands in the annual- 
biennial stage may be used as food by these mammals. 

Most of the larger mammals that frequent aban- 
doned lands supporting annuals and biennials are 
predators upon the various smaller mammals (Table 
10). Broad-winged hawks ( Buteo platypterus platyp- 
terus) and other birds of prey may also be found 
over such lands. 

The termination of the annual-biennial stage is a 
rather sudden process resulting from the interaction 
of a number of different factors. One such faetor 
is the influence of the plants involved upon their own 
environment. For example, Keever (1950) reports 
that in the Piedmont of North Carolina horseweed 
fleabane (Leptilon canadense = Erigeron canadensis) 
is unable to succeed itself primarily beeause of the 
inhibitory effeet: of its decaying roots upon the sur- 
vival and growth of following generations and also 
Other 


because of competition from other plants. 
factors to be considered in terminating this stage are 
the short life evele of the annual and biennial plants 
and the inability of such plants to complete suecess- 
fully for light, water and space with the iner -asingly 


abundant perennial herbs. Perennial grasses, like 
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the bluegrasses and quackgrass, are undoubtedly of 
particular importance in bringing this stage to an 
These plants rapidly cover the surface of the 
3y this action 


end. 
soil with a dense mat of vegetation. 
annuals and biennials are deprived of the exposed 
mineral soil they require as a seed bed for successful 
germination. 
PERENNIAL GRASS STAGE 

The transient annual-biennial stage on both eulti- 
vated and small grain lands is followed by a longer 
period in which perennial grasses predominate, This 
usually begins approximately 3 years after abandon- 
ment, but on small grain lands it may develop as 
early as 2 years after the abandonment of the better 
soils (Fig. 3). 
cause annuals and biennials are short-lived and pro- 
duce only one or two generations before being elim- 
inated. Since there is a reduction in the number of 
annual and biennial species to a very low level, the 
total number of different kinds of plants declines while 


It has a rather sudden beginning be- 


perennial grasses predominate. 

As its name indicates, the perennial grass stage is 
characterized by the predominance of grasses that are 
perennial in habit, of which Canada bluegrass and 
Kentucky 
Hither one or both of these species may almost com- 


bluegrass are of particular importance. 
pletely cover the surface of the ground over large 
areas, but Canada bluegrass is likely to oceur more 
abundantly on the better, heavier soil types, whereas 
Kentucky bluegrass tends to be more common on 
the poorer, lighter soils. 
parently the more resistant to the effects of plowing 


Canada bluegrass is ap- 


or soil cultivation, since pioneers of this species fre- 
quently occur with the last crop. Kentucky bluegrass, 
on the other hand, does not unti! the first 
year following abandonment. Quackgrass may also 
comprise a significant part of the vegetation, 
occasionally timothy (Phleum pratense) is common. 


appear 
and 


Redtop (Agrostis alba), another perennial grass, also 
frequently oeeurs during this 
(Tables 3 & 4). 

In addition to grasses, other plants may be com- 
mon at this time. 


stage of succession 


Some of these are survivors of 
species that were predominant in either of the two 
preceding stages, like yellow bristlegrass and ecom- 
mon ragweed, Still other herbs, such as certain asters 
and goldenrods, are usually present in relatively small 
numbers as compared to the previous stage and are 
the forerunners of the next stage that is characterized 
by a mixture of perennial forbs. The biennial wild 
carrot is likely to become abundant on nonporous 
soils during this period, and evening primrose, an- 
other biennial, is frequently present as scattered in- 
dividuals. Both of these species have long tap roots 
that penetrate to the deeper layers of soil. For this 
reason they are able to compete with herbaceous plants 
that utilize mainly the upper soil levels. The vege- 
tation type that predominates on abandoned lands 
in the grass stage is illustrated in Figs. 5 and 7. 
Toward the end of this period the plant cover may 
appear as in Fig. 6. Figs. 5 and 6 are views of the 
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same area taken with an interval of 6 years between 


them. The change from a cover in which 


grasses 


predominate to one in which a number of perennial 
are conspicuous is evident. 


forbs and wild carrot 





Fic. 5. Perennial grass stage (principally quackgrass ) 
in a small grain field on nonporous soil abandoned for 
two years. 





Fig. 6. 


Mixture of wild carrot, perennial grasses, and 
perennial forbs in a small grain field on nonporous soil 


eight years after last plowing. Same field as in Fig. 5. 

Although no new woody plants are added to the 
list of species that have already been mentioned, the 
majority of them continue to become established in 
varying amounts during the period that perennial 
grasses predominate. American elm is the only spe- 
cies that has completed most of its establishment by 
the beginning of the period, but a few individuals 
may appear from time to time wherever germinating 
conditions are suitable. Staghorn sumac, gray dog- 
wood, black walnut (Juglans nigra), black cherry, 
hawthorn, oaks, and hickories may all become estab- 
lished in varying amounts during the perennial grass 
(Tables 5 and 6). 


stage 
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Fig. 7. 


Predominance of bluegrasses in a small grain 
field on porous soil after four years of abandonment. 


Succession on hay lands omits the initial annual- 
biennial stage because, as already shown, the crop 
itself is characteristic of the perennial grass stage. 
Although plants cut for hay are not always grasses, 
their effect on other herbaceous species is much the 
same as that exerted by various perennial grasses. 
Consequently the perenial grass stage on hay lands 
is assumed to begin with the establishment of the 
hay plants. After four or five years the hay plants, 
such as clover and alfalfa, are slowly replaced by a 
combination of wild perennial grasses and forbs. 
Grasses are at first predominant, Except as noted 
below, succession beginning with the grass stage fol- 
lows the same general trends on all three types of 
crop lands. 


Shrubs and trees are either absent entirely or 
present in only small numbers on abandoned hay 
fields. For example, only rarely do such species 


as the sumacs, American elm, black cherry, and haw- 
thorn become established in hay fields, whereas they 
frequently seed in with the last crop on both culti- 
This is due in part 
to the lack of bare soil during the year of last plow- 
ing. The absence of the annual-biennial stage is of 


vated and small grain lands. 


even greater significance in accounting for the lack of 
shrubs or trees on hay lands. As shown previously, 
this stage is used by numerous birds and mammals 
which are known to play important roles in dissemi- 
nating seeds of many shrubs and _ trees. 
Eventually, however, some woody plants do become 
established in hay fields, but these seed in at a much 
slower rate than on cultivated or small grain lands 
(Tables 5 and 6). 


Smaller numbers of birds use the perennial grass 


common 


stage than the preceding annual-biennial stage, since 
such winter residents as slate-colored juncos and tree 
sparrows search elsewhere for food supplies. These 
birds make little use of perennial grasses as food 
plants and depend upon older, more brushy areas 
for protection from snow and cold winds. Bobolinks 
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and meadowlarks are the most characteristic summer 
residents. Both of these species prefer open, grassy 
expanses where they feed extensively upon insects 
that are common in such locations. Eastern king- 
birds (Tyrannus tyrannus), which are almost ex- 
clusively insectivorous, may also frequent such areas. 
Grasshopper sparrows, eastern Henslow’s sparrows 
(Passerherbulus henslowi susurrans), field sparrows, 
and song sparrows also use cover composed pre- 
dominantly of grasses (Table 7). 

Among the permanent residents, bobwhite and 
ring-neck cheasants occasionally utilize cover char- 
actertisti: o: the perennial grass stage (Table 8). 
The combination of grasses and associated perennial 
forbs is sometimes also utilized as nesting sites by 
the ring-necked pheasant. (Table 9.). 

Striking changes in the small mammal population 
mark the transition from the annual-biennial stage to 
the perennial grass stage (Fig. 4). Meadow mice, 
for example, are the most common rodents, but short- 
tailed shrews and white-footed mice also oceur. Ac- 
tually prairie deer mice disappear at this time al- 
though they are shown in Fig. 4 as oceurring com- 
monly during the perennial grass stage. This is due 
to the fact that these mice are much more numerous 
in hay fields planted one or two years previonsly than 
in dense bluegrass on lands 
longer periods of time. Such a situation is obscured 
by the inclusion of hay plants with the group of 
native perennial grasses that are normally character- 


stands of abandoned 


istie of this stage. 

Although meadow mice are common in dense stands 
of bluegrass, trapping data indicate that they are 
even more numerous on areas supporting a mixture 
of grasses and perennial forbs than on areas covered 
by a thick mat of grasses alone. Such a relationship 
may not always hold true. Errors in sampling small 
mammal populations may account for such a situa- 
tion in this instance. For example, meadow mice in 
extremely dense bluegrass stands are restricted to 
runways, and for this sometimes may not 
find traps that were placed in runways which are 
only occasionally used. On areas where perennia! 
forbs combination with the cover 
is more open. Mice on such areas are able to move 
about more freely and are more likely to encounter 
traps. Therefore, the use of snap traps might in- 
dicate comparatively larger populations of mice in the 
mixture of grasses and forbs than actually exist. 

Cottontail rabbits also oeeur on abandoned areas 
that have progressed to the perennial grass stage 
(Table 9). The greatest use of such areas by these 
animals is in the fall and Rabbits 
may occasionally nest in cover which consists chiefly 
of grasses with some perennial forbs. That the cotton- 
tail finds the perennial grass stage excellent for feed- 


reason 


grasses, 


oeceur in 


winter seasons. 


ing purposes is substantiated by the work of Dus! 
(1952), reports that cottontails in Ohio feed 
extensively upon Kentucky bluegrass at all seasons of 


who 


the year. 
Common predators such as weasels, foxes, d 


( Table 


o2gs, 


and eats also oeeur during this stage 10). 
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These memmals are all known to prey upon meadow 
mice and other small animals. 

Several factors may be responsible for the decline 
of perennial grasses and their eventual replacement 
by other types of plants. Asters and goldenrods are 
of particular importance in this respect since they 
are evidently better competitors than grasses. They 
apparently crowd out grasses simply because their 
rhizomes are able to penetrate the tangle of grass 
roots. Vegetative shoots from such vigorous rhizomes 
force their way up through the root entanglement 


and cause the gradual elimination of grasses. The 
grazing of meadow mice may also have an effect 


upon the density of grasses. Summerhayes (1941) 
has shown that voles (Microtus agrestis) in England 
have a pronounced effect upon grasses. They main- 
tain an open type of stand by eating grass stems and 
also by keeping runways clear through the vegeta- 
tion. They also build a complicated system of bur- 
rows below the main surface of the vegetation, which 
causes a further reduction in the abundance of grasses. 
Where voles were excluded, Summerhayes observed 
that the grasses formed a dense cover and the number 
of plant species was low. On areas where voles were 
not excluded a larger number of plant species oe- 
curred. Mosses also were more abundant upon such 
areas because voles rarely fed upon them and also 
because of the reduced competition from herbaceous 
plants. 

The perennial grass stage ends gradually and in- 
definitely, since grasses are present in considerable 
numbers on all abandoned areas that have progressed 
beyond the annual-biennial stage. Nevertheless, on 
the more fertile soils about 10 years after the aban- 
donment of cultivated or small grain fields and ap- 
proximately 15 years after hay fields are established 
a variety of perennial forbs, comprising the mixed 
herbaceous perennial stage, begin to replace grasses 
in the position of predominance (Fig. 3). On the 
poorer soils succession proceeds at a slower rate. 
Grasses may predominate until at least 15 years after 
abandonment on such soils, but this depends upon 
the proximity of woody plants that are eapable of 
invading the area in question. Where an abundance 
of shrub or tree seeds are available, the establishment 
of such plants takes place rapidly and the grasses 
are gradually overtopped and shaded out without 
the occurrence of an intervening mixed herbaceous 
perennial stage. 

Mixep HerRBACEOUS PERENNIAL STAGE 

Grasses on the better soils are slowly replaced by 
a number of herbs that comprise the mixed herbaceous 
perennial stage of succession. Perennial forbs alone 
rarely form the predominant cover during this period, 
since they usually oceur in combination with con- 
siderable numbers of grasses, shrubs, and trees. The 
mixed herbaceous perennial stage usually begins 6 to 
10 years after abandonment, but under some eondi- 
tions it may appear as early as 4 to 5 years after 
the date of last plowing. Mixed perennials pre- 
dominate through the 11 to 15-year age class on small 
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grain lands, whereas they may persist for as long 
as 16 to 20 years after the abandonment of cultivated 
lands. On hay lands the mixed herbaceous perennial 
stage lasts at least through 16 to 20 years after the 
hay is established (Fig. 3). Since perennial forbs 
become established over a long period of time on 
poorer soils, they may occur concurrently with woody 
plants on some areas that have been abandoned for 
as long as 20 years. 

As mentioned above, some areas that have been 
abandoned for only 4 or 5 years support vegetation 
which is composed principally of mixed perennial 
herbs. Areas in this category occur on the better 
soil types and frequently have been cultivated for only 
a single year after having been lying idle for a 
number of years previously. Cultivation for 
a short period does not completely eliminate the ma- 
Consequently, after 


such 


jority of the perennial forbs. 
such fields have been abandoned for the second time 
these plants quickly become predominant again. 

The plant during the mixed 
perennial stage is composed of numerous perennial 
Asters and goldenrods are likely to be par- 
(Achillea 


margari- 


cover herbaceous 
forbs. 
ticularly abundant, but common yarrow 
millefolium), pearleverlasting 
tacea), common St. Johnswort 
foratum), wildbergamot beebalm (Monarda fistulosa), 
and sulphur cinquefoil may also be common. Bi- 
ennials such as wild carrot and narrowleaf whitetop 
(Erigeron ramosus) may also play an important part 
in the vegetation. Bluegrass occurs abundantly in 
some locations, and occasionally annuals, like yellow 


(Anaphalis 


(Hypericum  per- 


bristlegrass or prickly lettuce, are present. The vege- 
tation that characterizes the mixed herbaceous 
enuial stage is shown in Fig. 8. 


per- 





Fig. 8. 


The mixed herbaceous perennial stage in a corn 
field on nonporous soil abandoned approximately thir- 
teen years. 
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Shrubs and trees slowly become more conspicuous 
throughout the mixed herbaceous perennial stage. 
Most of them have already become established previ- 
ous to this period, but a few continue to seed in 
wherever conditions are favorable (Tables 5 & 6). 
Trees of American elm, black cherry, and hawthorn 
have grown to a height of several feet, and shrubs 
such as staghorn sumae, smooth sumae, gray dogwood, 
and blackberry or raspberry may cover considerable 
portions of the area. 

\ number of common song birds make use of vege- 
tation that is characteristic of the mixed herbaceous 
perennial stage (Table 7). Thus, meadowlarks and 
bobolinks, both of which prefer open areas, as well 
as field sparrows and song sparrows, which utilize 
a wide variety of cover types, are common. The 
lack of seed-producing weeds accounts for the ab- 
sence of such large numbers of small birds as utilize 
the annual-biennial stage of succession. During the 
winter period bobwhite also frequent areas support- 
ing large amounts of herbaceous perennial vegeta- 
tion. 

Ring-necked pheasants 
mixed herbaceous vegetation, since this cover affords 


commonly make use of 
greater protection against snow and wind than that 
which occurs in the preceding stages. According to 
Table 8, these birds roost in perennial herbaceous 
plant cover in the fall and spring. Both Wight 
(1945a) and Leedy (1940) recognize the importance 
of such vegetation in providing shelter for ring- 
necked pheasants. Wight (1945b) states that “her- 
baceous cover is almost always part of the (crowing) 
territory” (p. 146). Perennial herbaceous vegeta- 
tion is also utilized as nesting sites by the pheasant 
(Table 8). For example, Leedy (1938) reports that 
many nests in the early spring are found in such 
locations before cover from agricultural crops is avail- 
able. Randall (1939) points out that early ring- 
necked pheasant nests contain larger clutches than 
later nests, which suggests the importance of the previ- 
ous year’s growth of herbaceous plants in maintaining 
pheasant productivity. 

Data showing the use of the mixed herbaceous per- 
ennial stage by small mammals is lacking. Never- 
theless, it is reasonable to assume that meadow mice 
still occur most abundantly at this time (Fig. 4). 
Their numbers, however, probably are not as great 
as in the preceding grass stage, since it is known that 
these rodents prefer vegetation that is dense near 
the surface of the ground. Cover that is ¢omposed 
principally of perennial forbs is too open to be used 
extensively by these mammals, Short-tailed shrews 
are likely to be more common during the mixed her- 
baceous perennial stage than at any previous time, 
and white-footed mice may occasionally be present. 
The prairie deer mouse quite probably has been com- 
pletely replaced by the three small mammals that 
have been mentioned above. Cottontail rabbits also 
utilize the vegetation during this stage on the basis 
of the number of droppings, forms, and tracks of 
these animals that were observed (Table 9). 

As in the case of the preceding grass stage, the 
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mixed herbaceous perennial stage gradually blends in- 
to the next stage, the perennial forbs being gradually 
shaded out by woody plants, which steadily oceupy 
an ever increasing portion of the area. 


SHRUB STAGE 

Perennial forbs are replaced by a number of woody 
plants that gradually become of increasingly greater 
importance in the vegetation. Where adequate sup- 
plies of seeds are available, shrubs are at first more 
important than trees and form the next successional 
stage, slowly replacing the herbaceous cover.  Be- 
cause of this slow change from one type to another, 
it is difficult to assign a clear-cut dividing line to in- 
dicate when one ends and the other begins. On cul- 
tivated lands the shrub stage may first appear as 
early as 6 to 10 years after abandonment, but on 
small grain and hay fields it may not begin until 11 
to 15 years after the year of last plowing. Shrubs 
form a conspicuous part of the vegetation until 16 
to 20 years or longer after abandonment, but this 
depends upon the rate of establishment and growth 
of trees that eventually overtop and replace them 
(Fig. 3). 

The vegetation during this stage of development 
is composed of a mixture of shrubs. These include 
principally staghorn sumac, smooth sumae,_ black- 
berries or raspberries, gray dogwood, and grape 
(Vitis sp.). 
American filbert 
pricklyash (Zanthorylum americanum) may he com- 


In some locations red-osier dogwood, 
(Corylus americana), and common 


mon. 

Shrubs seldom completely occupy an area to the 
exclusion of all other types of plants. Usually they 
are present in aggregations, with perennial grasses 
and forbs in the open spaces between and a number 
of trees seattered over the entire area. During the 
early part of this stage Canada bluegrass commonly 
oeeurs beneath the shrubs. Most shrubs become 
established during the first 4 or 5 vears after the date 
that crop lands are last plowed, but a few of them 
continue to seed in during the period 6 to 16 years 
after abandonment (Tables 5 and 6). The mixture 
of woody and herbaceous vegetation during the shrub 
stage is illustrated in Fig, 9. 

Fructivorous birds, such as ring-necked pheasants, 
eastern robins, cedar waxwings (Bombycilla cedro- 
rum), and blue jays (Cyanocitta cristata cristata), 
are quite probably responsible for the invasion and 
establishment of many shrubs on abandoned areas. 
Passage through the intestinal tract of a bird in- 
creases the percentage of some seeds that germinate, 
according to Swank (1944) and Krefting & Roe 
(1949). During the present investigation, the only 
direct evidence of the role of birds in distributing 
seeds of shrubs and other woody plants was the find- 
ing of a pheasant dropping in the middle of a fresh- 
ly eut corn field containing’ one grape seed and four 
cherry pits. Numerous observations, however, gave 
circumstantial evidence of this important part played 
Such records included concentrations of 


by birds. 
trees, groups of 


shrubs growing beneath isolated 
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Fie. 9. The mixture of woody and herbaceous vegeta- 
tion during the shrub stage in a portion of a small grain 
field on porous soil abandoned for twenty-five years. 


shrubs about the base of each tree in an abandoned 
apple orchard, and shrubs growing along a recently 
erected fence. Shrubs which are disseminated by 
birds usually possess seeds that are enclosed in a 
fleshy pulp. Those species that showed evidences of 
having had their seeds dispersed by birds are: Gray 
dogwood, American elder (Sambucus 
blackberry and raspberry, smooth sumac, and Ameri- 


canadensis) , 


can plum (Prunus americana). 

After becoming established on an abandoned ares 
vegetative means of reproduction are of prime im- 
portance in enabling shrubs to invade new territory. 
For example, sumaecs, gray dogwood, American filbert, 
and common pricklyash occupy new ground by means 
of rhizomes. Some shrubs, such as red-osier dog- 
wood, may also spread out from the point of their 
Blackberries and raspberries 


origin by layering. 





Fig. 10. 
of porous soil from an adjacent woodlot. 


Smooth sumac invading an abandoned slope 
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spread by rhizomes or by means of arching canes 
that root wherever they come in contact with the soil. 
Grapes and thicket creeper (Parthenocissus inserta) 
produce prostrate stems that root at intervals when 
they spread over the surface of the ground or climb 
upon trees or other shrubs that may be present. The 
manner in which smooth sumae invades an abandoned 
slope from a bordering woodlot is shown in Fig. 10. 

The rate at which shrubs occupy new territory de- 
pends upon both the species of shrub and the soi! 
type. Smooth sumae, for example, invades new terri- 
tory more rapidly than does staghorn sumae accord- 
ing to data presented below (Table 11). Smooth 
sumae also spreads faster in light, porous soils than 
in heavy, nonporous soils, a fact which is substanti- 
ated by the work of Weaver & Clements (1938, p. 
324), Furthermore, gray invades areas 
more slowly than either of the sumacs, but progresses 
more rapidly in nonporous soils. 


dogwood 





TaBLE 11. Rate of invasion by some common shrubs. 

Rate of In-| Stand. 

Species Soil Type | vasion (Ft.| Devi- 

| per year.) ation 

Staghorn sumac Nonporous | Far +0.64 
Smooth sumac. Nonporous 2.6 +1.16 
Smooth sumac... Forous 4.9 +1.62 
Gray dogwood Nonporous 1.5 +0.55 
Gray dogwood. Porous |e +0.24 


Numerous common birds make use of vegetation 
that has developed to the shrub stage. Field spar- 
rows and song sparrows are the most common sum- 
mer residents, but a few meadowlarks and bobolinks 
may also be present. In addition, woodeocks (Phi- 
lohela eatbirds (Dumetella 
brown thrashers (Toxostoma rufum), red-eyed tow- 


minor), caroliniensis), 
hees (Pipilo erythophthalmus erythophthalmus) oe- 
eur frequently. Birds in this latter group prefer 
areas where brush is especially dense. Eastern robins 
are also common. Tree sparrows occur most com- 
monly among birds that are resident in the winter. 
Permanent residents include mourning doves, bob- 
white, ring-necked pheasants, blackeapped chickadees 
(Penthestes atricapillus atricapillus), blue jays, and 
eastern goldfinches (Table 
Ns 


Ring-necked pheasants frequently roost in shrubby 


(Spinus tristus tristus) 


areas at every season of the vear except summer 
(Table 8), and fruits of grape and gray dogwood 
are important fall food items of the pheasant as in- 
dicated by Dalke (1937). According to Leedy (1940), 
brushy areas, i.e. this 
stitute a small but significant part of the pheasant 


fencerows in instance, c¢on- 
range, since they provide cover of a more permanent 
type than is found on crop lands. 

Important changes occur in the small mammal pop- 
ulation during the shrub stage of succession. For 
example, meadow mice become less numerous as per- 
eliminated, 
and_ short- 


cnnial grasses and forbs are gradually 


and at the same time white-footed mice 














e 





tailed shrews increase in numbers (Fig. 4). Cotton- 
tail rabbits are especially common on shrubby areas 
in the fall, winter, and spring (Table 9), which agrees 
with results of investigations reported by Trippensee 
(1934). 

Girdling by meadow mice and cottontail rabbits has 
a profound effect upon the growth of some woody 
plants. Rabbits are particularly destructive to shrubs 
during the late winter when they may remove the 
bark from the lower portions of stems of staghorn 
sumae and smooth sumac. If the winter is unusually 
long and severe, cottontails may thus kill numerous 
stems and become an important factor in retarding 
the rate of plant succession. 

The shrub stage is similar to the preceding grass 
and mixed perennial stages in that it has no clear-cut 
termination. Certain trees that usually become estab- 
lished at the same time as shrubs sooner or later 
create conditions that cause shrubs to decrease in 
abundance. However, some shrubs persist for long 
periods of time about the borders of wooded areas or 
in openings in the forest and produce fruits that are 
invaluable to numerous species of forest-inhabiting 
wildlife. 

INTOLERANT TREE STAGE 

Plant sucession normally progresses from the shrub 
stage into a stage in which certain intolerant trees 
predominate. This intolerant tree stage originates 
with the establishment of a number of trees during 
the year that cultivated or small grain fields are last 
cropped and the first few years after the abandon- 
ment of most agricultural lands (Tables 5 & 6). Trees 
which are established in those early periods steadily 
increase in height and amount of area covered until 
they eventually overtop and shade out the shrubs. 
The actual predominance of intolerant trees was en- 
countered only on cultivated or small grain lands that 
were last cropped from 21 to 25 years previously 
(Fig. 3). This stage was not observed upon hay lands 
because the oldest hay field studied had been last 
plowed only 16 to 20 years previously and also be- 
sause the establishment of woody plants on hay fields 
proceeds at a much slower rate than upon cultivated 
or small grain lands. 

As its name indicates, this stage is composed of 
trees that are relatively intolerant, that is they re- 
quire considerable amounts of light, they are able 
to tolerate only moderate root competition, and their 
seedlings are unable to grow under their own shade. 
Species which are of particular importance at this 
time include American elm, black cherry, and haw- 
thorn. Usually these trees oceur together, but, de- 
pending upon the type of seed that is available, either 
American elm or black cherry alone may sometimes 
form the predominant vegetation. Hawthorn is usu- 
ally less numerous than either of the other trees. 
Occasionally, however, it is common upon lands that 
have been heavily grazed prior to abandonment or 
upon areas that have been burned frequently. An 
area on which black cherry forms the predominant 
tree growth is shown in Fig. 11. 
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Fig. 11. Black cherry and hawthorn growing on a 
porous soil type where a small grain crop was produced 
twenty-five years previously. 


In addition to intolerant trees, survivors of earlier 
stages and pioneers of following stages are also pres- 
ent. For instance, annuals such as ragweed and 
prickly lettuce may be scattered over the area, and bi- 
ennials, like wild carrot and narrowleaf whitetop, 
may be especiaily common in some locations. Blue- 
grasses and a number of asters and goldenrods or 
other perennial herbs are also locally abundant. 
Various shrubs, such as blackberries or raspberries, 
staghorn sumac, smooth sumac, and gray dogwood, 
frequently predominate over extensive areas during 
the early periods of the intolerant tree stage. Other 
woody plants that may be present include seedlings 
and saplings of midtolerant trees, such as oaks and 
hickories, that follow American elm, black cherry, 
and hawthorn in the successional series. Such heavy- 
seeded trees are primarily distributed about the 
margins of the areas, but eventually they will be 
seattered over the entire area. 

Both the number and the kinds of trees that become 
established upon abandoned farm lands are closely 
correlated with the proximity of suitable seed sources, 
the type of seed bed each species requires, and the 
tolerance of the species. Small areas that are com- 
pletely surrounded by fencerows in which intolerant 
trees are growing may be entirely covered with seed- 
lings in a single year. On more extensive tracts of 
abandoned lands, which have no large trees growing 
on them, only the borders of the fields will be invaded 
by tree seedlings for a considerable number of years. 
Fruits produced by these seedlings after they ma- 
ture and other seeds tranported by birds and mam- 
mals will slowly bring about the further invasion by 
trees. Consequently, the intolerant tree stage will 
appear only after the passage of a long period of 
time following the abandonment of large tracts of 
farm lands. 

It has been stated earlier that intolerant trees are 
able to germinate successfully and become established 
upon exposed mineral soil. This is most available 
during the early years of succession. American elm, 
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as already demonstrated, definitely prefers a mineral 
seed bed, and its establishment almost ceases when 
herbaceous vegetation completely covers the surface 
of the ground. Density of the ground cover limits 
the establishment of elm by preventing the light seeds 
from ever reaching the ground surface and by cre- 
ating undesirable competition for the few seeds that 
do germinate. The rates at which both black cherry 
and hawthorn become established (Tables 5 & 6) sug- 
gest that these species tolerate a broad range of seed 
bed conditions. Thus, they successfully germinate 
either on a mineral seed bed during the early years 
of abandonment, when competition is at a minimum, 
or at some later time on a seed bed which offers 
more intense competition from herbaceous plants. 

Under particularly favorable conditions 
stands of American elm develop on abandoned fields 
and effectively reduce in importance or completely 
eliminate the mixed herbaceous perennial and shrub 
stages of succession. Such conditions occur on low 
areas having heavy, fertile soils that are located ad- 
jacent to a source of elm seed. In these instances 
American elm becomes established abundantly over 
the entire area both with the last crop and during 
the early years following abandonment. The vegeta- 
tion then passes through the annual-biennial and the 
perennial grass stages as usual, Perennial forbs, 
that normally follow grasses, are noticeably reduced 
in abundance by the increasing predominance of elm 
seedlings, and many common shrubs are almost totally 
excluded by the continued growth of these seedlings. 
Succession thus proceeds from the grass stage di- 
rectly into a forest stage. 

A larger number of different kinds of birds use 
vegetation that has progressed to the early intolerant 
tree stage than have been found in any of the pre- 
ceding stages (Table 7). For example, slate-colored 
juncos and tree sparrows, so abundant during the 
period when annuals and biennials predominate, are 
again present. Meadowlarks and goldfineches perch 
in the tops of elm or black cherry saplings, and robins 
are also commen. 
rows, 


dense 


Both field sparrows and song spar- 
ach having a wide range of environmental 
tolerance, are also commonly associated with woody 
plant cover. Blue jays are also present, and mourn- 
ing doves may nest in the trees. In addition, birds 
such as catbirds, brown thrashers, red-eyed towhees, 
and black-capped chickadees, that prefer only woody 
cover, frequent areas occupied by the early intolerant 
tree stage. 

Ring-necked pheasants make less use of the in- 
tolerant tree stage of succession than all the pre- 
ceding stages except the perennial grass stage (Table 
8). However, where pheasants do oceur in adjacent 
cover Dalke (1937) reports that they most frequently 
utilize woody vegetation during the fall and winter 
Seasons, feeding upon the fruits of hawthorn or black 
cherry. 

The most common small mammals during the early 
intolerant tree stage are short-tailed shrews and white- 
footed mice (Fig. 4). Meadow mice also are still 
present but their numbers are fewer in comparison 
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with the preceding shrub stage. Cottontail rabbits 
may be especially numerous in the fall and winter 
and may even be present during the early spring, but 
they oceur infrequently during the summer months 
(Table 9). In general, abandoned areas that have 
developed to the intolerant tree stage are not as well 
adapted for rabbits as areas in the shrub stage. This 
is due to the fact that woody plants are growing too 
tall and the ground cover is becoming too thin to 
support as many rabbits. 

Animals such as fox squirrels may also utilize areas 
in the early intolerant tree stage (Table 10). Larger 
mammals that may include opossums 
(Didelphis virginiana weasels, skunks 
(Mephitis mephitis nigra), foxes, and domestic dogs. 

Meadow mice and cottaintail rabbits, as in the 
shrub stage, also influence the growth of trees that 
characterize the intolerant tree stage. Many young 
elms in particular are either girdled by mice or have 
their leaders cut back by mice or rabbits. On the 
basis of only 6 study areas, for example, an average 
of 42% of the elm seedlings examined had been 
either girdled or cut off by these mammals. In an 
extreme case approximately 90% of the elm leaders 
on one area had been cut off by rabbits. This had 
the obvious effect of making the vegetation more 
open. Similar instances in which snowshoe rabbits 
(Lepus americanus) thinned out thickets of pine 
seedlings and made them less suitable as cover are 
reported by Cox (1938). In the present case most 
of the elm seedlings had resprouted, but even many 
of the new leaders showed evidences of having been 
eut back and resprouting a second time, Mice often 
completely girdled and thus killed many tree seed- 
Such damage by mammals must result in the 


also oceur 


virginiana), 


lings. 
elimination of numerous seedlings, and, furthermore, 
those seedlings that do survive are retarded in growth. 
Consequently, some mammals are responsible for alter- 
ing the rate of succession by slowing the development 
of the intolerant tree stage. 

Because of the lack of data, it is impossible to de- 
termine the end of this stage of successions. It is 
known, however, that intolerant trees are slowly re- 
placed by other trees, such as oaks and _hickories, 
that are intermediate in tolerance. Seedlings of 
these trees are frequently observed upon farm lands 
that have been abandoned up to 25 years. Oaks and 
hickories will in turn gradually give way to the 
beech-sugar maple, or beech-basswood-sugar maple 
stage in the loeality where this study was made. The 
gradual change from elms, black cherries, and haw- 
thorns first to oaks and hickories and then to beech, 
basswood, and sugar maple will be accompanied by 
still further changes in the animal populations, but 
are available from this study to determine 
at which these changes are likely to occur. 


no data 

the rate 
MIDTOLERANT AND TOLERANT TREE STAGES 

The elm-black cherry-hawthorn stage, described in 

the preceding section, is eventually replaced by a stage 

in which an 

cipally oaks 


assortment of mid-tolerant trees, prin- 


and hickories, predominate. <A period 
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considerably in excess of the 25 years that are under 
study will be required for this transition of vegeta- 
tive types, since only the earliest invaders of the oak- 
hickory stage are encountered on lands that have been 
abandoned for this length of time. Many seedlings 
of these trees become established on all crop lands 
during the first few years following abandonment, but 
on small grain lands they may even become established 
as early as the final year of cropping (Tables 5 & 6). 

It is generally believed that a mixture of beech, 
basswood, and sugar maple is the most tolerant, and 
therefore climax, vegetative type in Washtenaw Coun- 
ty. The beech-basswood-maple stage will thus slowly 
replace the intermediately tolerant oak-hickory type, 
although the rate of succession will be extremely slow. 
At ‘present the oak-hickory type is limited to the 
more sandy uplands, whereas the beech-basswood- 
sugar maple type grows principally on the more 
fertile lowlands. During the present investigation 
only very few sugar maple and basswood seedlings 
and no beech seedlings were recorded on the study 
areas. Almost without exception both sugar maple 
and basswood seedlings were growing in moist situa- 
tions, as about the margins of wet depressions. 

As oaks and hickories become predominant, it is 
anticipated that wildlife populations will change ac- 
cordingly. For example, fox squirrels will become 
especially numerous because of their close association 
with the oak-hickory type. Studies of ring-necked 
pheasants on agricultural lands have shown that these 
birds make oceasional ase of the oak-hickory cover 
type during the summer months (Wight 1930). 
Where this cover type extends over large areas how- 
ever, pheasants can be expected to dissappear en- 
tirely. This is in general agreement with conclusions 
drawn by Bymp (1950). This worker reports that 
ring-necked pheasants largely disappeared from a 
2400-acre tract in New York State during a 20-year 
period in which plant succession was studied in re- 
lationship to changes in game habitats. Cottontail 
rabbits will also generally decline in numbers due 
to the elimination of herbaceous and shrubby vege- 
tation at the ground level. Ruffed grouse (Bonasa 
umbellus umbellus) and white-tailed deer (Odocoileus 
virginianus borealis) may be expected to become com- 
mon on such areas. A trend in this direction is 
already evident in northern Washtenaw County where 
both of the animals are increasing. 

The transition from the oak-hickory stage to the 
beech-basswood-maple stage will cause further changes 
in animal populations, the most important of which 
will be from fox squirrels to gray squirrels (Sciurus 
carolinensis leucotis) and red squirrels (Tamiasciurus 
hudsonicus loquax). In both this and the oak-hickory 
stage short-tailed shrews and white-footed mice will 
be the most characteristic small mammals. 

EFFECTS OF DISTURBANCES 

Plant and animal succession does not always pro- 
ceed along the lines which have been indicated above. 
Numerous influences sometimes enter in and alter the 


rate of succession. Such influences 


course and the 
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may take the form of burning, grazing, disturbance 
of the soil either by man or by soil-inhabiting animals, 
variations in the weather, changes in drainage, and 
unusually large animal populations. The effect of 
grazing upon the vegetation was not considered dur- 
ing the present investigation since only ungrazed 
areas were studied. Insufficient data were obtained 
to determine the influence of variations in the weather 
or changes in drainage conditions upon the develop- 
ment of the plant cover, but the importance of these 
factors in affecting the course of succession is evi- 
dent. In the sections to follow brief mention will 
be made of the part that burning, soil disturbances, 
and animals play in the vegetative changes. 

Burning.—It is common knowledge that burning 
tends to retard plant succession. The actual effect of 
fire upon the vegetation, however, depends upon both 
the frequency and intensity of burning. Areas that 
are burned regularly, that is every year or every other 
year, support herbaceous perennial vegetation in the 
form of bluegrasses and a mixture of asters and 
goldenrods. This plant cover may perisit for as long 
as 19 years, and quite probably will last indefinitely, 
or as long as burning is practiced, Under conditions 
caused by frequent fires most woody plants are com- 
pletely eliminated, having been killed by fire immedi- 
ately after becoming established. Frequent burn- 
ing, therefore, checks the progress of succession by 
perpetuating stages in which perennial grasses, mixed 
herbaceous perennials, or a combination of these two 
cover types predominate. 

Periodic or infrequent burning of abandoned lands 
has less effect upon the rate of succession than fre- 
quent burning. Depending upon the number of years 
since the last fire, herbaceous vegetation on infre- 
quently burned areas may be quite comparable to 
that which occurs on areas that have been protected 
from fires. One effect of irregular burnings, however, 
is to reduce the rumber of woody plants by killing 
numerous young shrubs and trees. Older, larger 
trees are often able to resist the effects of an oe- 
‘asional fire. Hawthorn may be common on areas that 
are burned infrequently, since it is more resistant to 
the effects of fire than either elm or cherry. Severe 
burning after the establishment of woody vegetation 
is occasionally followed by quaking aspen (Populus 
tremuloides). 

Another result of infrequent fires is delayed estab- 
lishment of shrubs or trees. Many woody plants that 


become established are eliminated by a fire which 
occurs during the early stages of succession. Burn- 


ning also exposes mineral soil and reduces plant 
competition, and may thus create conditions that 
favor the re-establishment of some of the same shrubs 
and trees that have been killed. Consequently, it 
is often possible to determine the date of the last 
annual rings on a sample of the 


fire by counting 
American elm 


woody plants growing on an area. 
is a particularly useful species for this purpose. 
The finding of a concentration of elm establishment 
during a single year after an area is known to have 
been abandoned for a number of years strongly sug- 
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gests that the area had been burned during the spring 
of that year. The net result of infrequent burning 
is thus to retard the rate of plant succession rather 
than, as in the case of frequent burning, to perpetu- 
ate stages in which only herbaceous species are con- 
spicuous. 

Soil disturbance.—Disturbance of the soil is of 
major importance causing plant succession to retro- 
This influence is most conspicuous on crop 
lands that are still in use. As mentioned in a pre- 
ceding section, plowing destroys most of the existing 
plant cover and causes annuals and biennials to re- 
appear year after year. Development of later suc- 
cessional stages is therefore checked by cultivation 
of the soil and other farming operations. 

Soil disturbance also has an effect upon the vege- 
tation which occurs on abandoned areas. The plant 
cover on such areas is frequently composed chiefly 


gress. 


of bluegrasses or mixed herbaceous perenii-als, de- 
pending upon the number of years sinces they were 
last plowed. In several instances the soil of areas 
supporting an herbaceous vegetative cover had been 
disturbed by being partially plowed, by having a 
small plot spaded for a garden, or by construction 
work. In every case the disturbed soil was character- 
ized by vegetation which differed markedly from that 
covering the rest of the area. In place of the peren- 
nial grasses and forbs, numerous annuals that pre- 
dominate in the initial stages of succession occurred. 

The influence of soil disturbance on plant cover is 
shown by the changes in the vegetation on a hay field 
on a porous soil that was last plowed six (or possi- 
bly five) years previously. The ten most important 
plant species in the undisturbed portion of the field, 
listed in the order of abundance, were: Kentucky 
bluegrass, timothy, quackgrass, butter-and-eggs toad- 
flax (Linaria vulgaris), dandelion (Taraxacum pa- 
lustre), Canada bluegrass, sheep sorrel, silvery cin- 
(Potentilla argentea), tall goldenrod (WSoli- 
(Verbascum 


quefoil 
dago altissima), and common mullein 
thapsus). Along the west end of this area four 
furrows had been plowed either the previous fall or 
in the early spring. Listed in the order of abundance, 
the ten most common plants growing in this dis- 
turbed soil were: Common ragweed, yellow bristle- 
grass, lambsquarters, butter-and-eggs toadflax, horse- 
weed fleabane, common yellow oxalis (O.alis stricta), 
black bindweed, spotted ladysthumb, common witch- 
grass, and buckhorn plantain. 

It is evident from the above that when the soil is 
perennial mixed 


sufficiently disturbed 


perennial herbs are replaced by annuals and biennials, 


grasses or 


thus initiating a new successional series after each 
Many of the heavy-seeded annuals that 
re-appear germinate from viable seeds that have lain 
cormant in the soil just as they did at the time of 
abandonment. 


disturbance. 


Light-seeded species, such as_horse- 
weed fleabane, prickly lettuce, and bull thistle, arise 
chiefly from seed disseminated by wind. Annuals 
and thus re-established in large 
numbers on areas from which herbaceous vegetation 


b'ennials become 
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has been removed and mineral soil exposed by various 
soil-disturbing activities. ts 

Excessively large mammal populations——That 
meadow mice and cottontail rabbits may modify the 
course of plant succession is evident from statements 
made earlier regarding the influence of these animals 
on shrubs and trees. As is well known, populations 
of these mammals, particularly meadow mice, are sub- 
ject to marked fluctuations in numbers. During the 
peak years both meadow mice and rabbits must have 
a pronounesd effect on the vegetation, since they feed 
extensively upon the bark and twigs of numerous 
trees and shrubs during periods of deep snow, as 
reported by Allen (1938), Hendrickson (1938), 
Dalke & Sime (1941), and Sweetman (1944). In 
the present investigation many woody stems were 
observed to have been completely girdled and killed 
by such feeding activities. Consequently, although 
little permanent damage is done to the vegetation as 
a result of these activities, it is obvious that rabbits 
and meadow mice retard the development of succes- 
sional stages that are characterized by shrubs and 
trees. 

DISCUSSION 

As a result of farming activities on lands used for 
the production of agricultural crops the same wild 
plant cover develops each year, When farm lands are 
abandoned, however, a number of natural phenomena 
cause the vegetation to undergo a series of changes 
commencing with annuals and biennials, then 
gressing through perennial grasses, mixed perennial 
herbs, shrubs, and eventually to trees. Initially, both 
the last crop produced and the soil type greatly in- 
fluence the nature of 
the time involved for the transition from one stage to 
the next. For example, the plant cover on abandoned 
cultivated land and small-grain fields passes through 
similar successional stages, but suecession on grain 
fields is one year ahead of that on cultivated fields. 
Another example of the relationship between crop 


pro- 


these vegetative changes and 


type and succession is the retarding influence of per- 
ennial hay-producing plants on the normal develop- 
ment of the wild vegetation. The effect of soil type 
on the rate of succession is illustrated by differences 
in the establishment of certain woody plants on both 
porous and noporous soils. Needless to say the avail- 
ability of seed is of great importance in this respect. 
Later stages of succession are similarly influenced 
by soil type and also by fire, activities of various 
animals, and other disturbances. 

It is customary to regard plant succession as con- 
sisting of a definite series of stages resulting in the 
invasion, maturing, and eventual decline of first one 
plant community and then another until a climax 
community is reached. Although the stages usually 
appear in an orderly sequence, invasion is not al- 
During the present investigation, 
for example, plants that characterize every stage of 
succession from the annual-biennial stage through 
the mid-tolerant tree (oak-hickory) stage were fre- 
quently observed in small grain fields with the last 


ways in sequence. 
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crop, and on cultivated lands the first year of aban- 
donment. Plants differ in their growth rates and de- 
gree of tolerance to root competition and shading. 
Furthermore, plants usually differ with respect to the 
rate at which they become established. This means 
that those species which characterize later stages of 
succession ordinarily become established over a num- 
ber of years. Because of these facts first one and 
then another group of plants tends to form the pre- 
dominant vegetative cover. Succession, therefore, 
does not necessarily depend upon the kinds of plants 
that are present but rather upon those particular 
species that predominate during any given period of 
time. Thus, in the same locality there may be many 
phases in the general course of succession. 

Because of the dependence of animals upon plants 
for their food and shelter, variations in bird and 
mammal populations are closely associated with 
changes in plant communities. Accordingly, graniv- 
orous birds and prairie deer mice make extensive use 
of the initial stages of succession; insectivorous birds 
and meadow mice are common during the middle 
stages; and birds with a variety of feeding habits, 
short-tailed shrews, and white-footed mice occur com- 
monly during later stages. 

The presence on the same area of a number of 
different kinds of plants, which have become estab- 
lished either at the same time or at different times, 
causes most successional stages to overlap each other. 
An exception to this general rule is the transition 
from the annual-biennial stage to the perennial grass 
stage, In this one instance there is a distinct line 
of demarcation between the two stages. The transi- 
tion from one stage to the next in all other instances 
is never abrupt but quite gradual. 

Overlapping stages of succession indicate the pres- 
ence of a variety of cover types, particularly on 
lands that have been abandoned for 10 years or more. 
The woody vegetation on such areas has usually 
grown sufficiently to provide a type of cover which 
is entirely different from that furnished by herbaceous 
plants. Accordingly, patches of shrubs or tree seed- 
lings may provide protective cover, while the inter- 
vening grasses or mixed herbaceous perennials may 
serve as nesting cover for either ring-necked pheasants 
or cottontail rabbits. Such an interspersion of cover 
types is also explained by differences in the growth 
rates of each group of plants as well as by differ- 
ences in the rate at which plants invade and become 
established. 

Numerous factors influence the use of abandoned 
farm lands by wild animals. Two of the most im- 
portant are the stage of succession and the season 
of the year. The annual-biennial stage, for example, 
is utilized heavily as a feeding site during the fall 
and winter by large numbers of birds, including ring- 
necked pheasants and bobwhite. Subsequent stages 
produce little in the way of fall or winter foods 
for these birds until shrubs become predominant. 
With the exception of the perennial grass stage, all 
successional stages to the beginning of the intolerant 
tree stage provide pheasants and bobwhite with 
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usable cover. Cottontail rabbits, on the other hand, 
find an abundance of food in all successional stages 
during most seasons of the year, but in late winter 
these animals depend upon shrubby vegetation for 
much of their food. Cover is also no problem for 
cottontail rabbits on abandoned areas, since all sue- 
cessional stages that were studied, except possibly 
the perennial grass stage, provide serviceable cover 
for these animals. Shrubby vegetation, however, is 
frequented most heavily during the winter months. 
Size is another factor determining whether an un- 
cultivated area will be used by wild animals. For 
instance, a small area that is surrounded by lands on 
which general farming is practiced may be utilized 
by pheasants regardless of its stage of succession. 
Such an area may be an odd corner of a field, a slope 
that is too steep to cultivate safely, or even an idle 
field of 10 or 20 acres or more. An abandoned area 
of this size may frequently account for a favorable 
interspersion of cover types because it provides ether 
essentials of a pheasant range that are lacking on 
adjacent cropped lands or elments which supplement 
food or cover on agricultural lands. Thus, if the 
area in question happens to be in the annual-biennial 
stage it will furnish supplementa! sources of food 
during the critical winter period. If it supports 
herbaceous vegetation, it may be utilized as a nesting 
site, particularly in the early spring when there is 
a shortage of suitable nesting cover on most farm 
lands, As brought out earlier, in this event the pres- 
ence of early nesting cover could well account for an 
increase in pheasant producivity, since, according to 
Randall (1939), early clutches of pheasant eggs are 
larger than those which are laid later in the nesting 
season. In addition, nests in such cover should have 
greater chances for hatching out successfully inas- 
much as they do not run the risk of being destroyed 
by farming operations. Leedy (1939, 1940) reports 
heavy losses of pheasant nests from mowing and other 
similar farm activities. A small area of abandoned 
land in the shrub stage will, as previously indicated, 
produce a number of fruits that are important fall 
and winter foods. Furthermore, Wight (1945b) 
states that shrubby growth itself may form an in- 
tegral of the pheasant crowing area. Small, unculti- 
vated areas, therefore, are an important component 
of the pheasant range in regions where the land is 
being intensively farmed. 

Cottontail rabbits will utilize uncultivated 
areas of small to moderate size. In fact, cottontails 
have food and cover requirements that make them 
better adapted than ring-necked pheasants to such 
idle areas. 

Large, extensive tracts of abandoned lands present 
entirely different problems regarding their use by 
wildlife. For example, ring-necked pheasants will 
find little in the way of food or cover on such areas 
after the perennial grass stage of succession appears 
approximately three years following abandonment. 
Due to the great distance from seed sources, woody 
plants will seed in very slowly on such areas, in fact 
succession in general will progress at a greatly re- 
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duced rate. The result is that, without intensive 
management, it will be difficult to maintain conditions 
favorable for ring-necked pheasants on large tracts 
of abandoned farm lands. 

Cottontail rabbits will fare better than pheasants 
on extensive tracts of abandoned farm lands. These 
mammals are not as closely associated with agricul- 
tural crops as are pheasants, since all stages of suc- 
cession under investigation provide numerous food 
plants. As for pheasants, however, the absence of 
adequate cover during the perennial grass stage is 
a factor which will limit the number of rabbits. 
Therefore, where grasses predominate, rabbits will be 
restricted chiefly to shrubby cover about the borders 
of the fields, around old rock piles, in previously un- 
cultivated depressions, or in other suitable locations. 
It is anticipated that the number of cottontails will 
increase, however, as shrubs and trees become estab- 
lished in greater numbers and as woody vegetation 
spreads out from its point of establishment. 


SUMMARY AND CONCLUSIONS 


1. The plant cover on Michigan farm lands that 
have been abandoned for periods up to 25 years 
passes through a definite series of successional stages. 

2. Early stages, including the rate of their suc- 
cession, are influenced largely by the character of 
the last crop. Later successional stages are influ- 
enced primarily by soil type and also by the opera- 
tion of disturbance factors, of which fire is the great- 
est importance and the most widespread occurrence. 

3. The adventive vegetation in cultivated and small 
grain fields during the last year of plowing is com- 
posed chiefly of annuals and biennials, whereas in 
hay fields perennial herbs predominate at this time. 

4. Following the abandonment of cultivated and 
small grain fields the vegetation passes through sue- 
cessional stages in the following order: Annual-bi- 
ennial, perennial grass, mixed herbaceous perennial, 
shrub, and intolerant tree. Small grain lands are 
approximately one year ahead of cultivated 
in this sequence. 

5. The sequence of changes on hay lands is the same 
as that outlined above except that the annual-biennial 
Succession of subsequent stages is 


lands 


stage is lacking. 
a number of years slower than on either cultivated 
or small grain lands. 

6. With the exception of the transition from the 
annual-biennial stage to the perennial grass stage, 
there is no clear-cut beginning or ending to any sue- 
cessional stage. This is caused principally by varia- 
tions in the rates of establishment, growth rates, and 
tolerances to competition of the various plants that 
characterize each stage. 

7. Influences, such as burning and soil disturbances, 
alter both the direction and rate of succession. 

8. Bird and mammal populations vary according 
to changes in the vegetation. 

9. Bird populations show a tendency to change 
from granivorous forms in the early stages of sue- 
cession; to insectivorous forms during the middle 
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stages; and then to forms that are fructivorous, in- 
sectivorous, or even omnivorous in still later stages of 
succession. 

10. Populations of small mammals change from one 
composed chiefly of prairie deer mice, to one con- 
sisting largely of meadow mice, and then to a com- 
bination of short-tailed shrews and white-footed mice. 

11. The value of an abandoned field to wild animals 
depends upon its stage of succession, its size, and its 
location with respect to other cover types. 

12. Small uncultivated land scattered 
throughout a region in which general farming is prae- 
ticed are useful to ring-necked pheasants, bobwhite, 
and cottontail rabbits. 

13. Large tracts of abandoned farm 
have little value for ring-necked pheasants without 
the application of intensive management measures 
but will be better adapted to the production of cot- 
tontail rabbits. 

14. The trend of succession in Washtenaw County, 
Michigan, leads toward conditions that favor white- 
tailed deer, ruffed grouse, and gray squirrels. 


areas of 


lands will 
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INTRODUCTION 


Ss 


The exploitation of such a valuable fur-bearer : 
the muskrat (Ondatra zibethicus) by the closely as- 
sociated mink (Mustela 
spicuous over the common range of the two species 
in North America to arouse the antipathies of musk- 
rat trappers. Likewise, the relationships between one 
of the most prolific and widely distributed of rodents 
and its most formidable racial enemy are of interest 


vison) is sufficiently con- 


to biologists. However much the philosophical ap- 
proaches of trapper or of biologist may differ, many 
people in both groups impute to mink predation a 
very great depressive influence on muskrat popula- 
tions. 

The life history, behavior, ecology, and population 
dynamies of the muskrat have been investigated on 
a year-around basis on Iowa marsh and stream areas 
since 1934. Of all the specific subjects thus investi- 
gated on the Iowa areas kept under intensive, long- 
term observation, one must rate mink-muskrat_ re- 
lationships as being by now among the most fully ex- 
plored. Still, the subject is one about which it is 
easy to learn things that look true but are not. 

The Iowa investigations verify some of the major 
beliefs of outdoorsmen concerning mink-muskrat re- 
lationships. The mink usually is able to kill musk- 
rats if any wild predator can, and, under a variety 

1 Journal Paper No. J-2524 of the Iowa Agricultural Ex- 
periment Station, Ames, Iowa, Project No. 1217. A conéribution 
from the Iowa Cooperative Wildlife Research Unit: The Fish 
and Wildlife Service (United States Department of Interior), 


Iowa State College, Iowa State Conservation Commission, and 
the Wildlife Management Institute, cooperating. 
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of conditions, may kill muskrats by the hundreds 
or thousands, even locally. If the mink may be said 
to show a discernible favoritism toward any item of 
food in its diet, muskrat flesh may well be called one 
of its favorite foods. As a species, the mink may have 
killed more muskrats on the Iowa areas than were 
killed by all other nonhuman predators together. By 
all conventional criteria, the mink is, except for man 
and the muskrats, themselves, the outstanding ageney 
of violent death in muskrat populations living over 
immense regions. 

It is as concerns the less obvious facts in mink- 
muskrat relationships that conventional interpreta- 
tions have ways of being deficient, and the less obvious 
facts are not necessarily the less important in analy- 
ses. Indeed, the distinctions considered here are not 
merely of slight shades of technicalities; they mean 
the difference between coming at least fairly close 
to the truth and coming to some wholly wrong con- 


clusions. 


BACKGROUND OF FINDINGS FROM THE 
FIRST DECADE OF MINK-MUSKRAT 
INVESTIGATIONS ON THE IOWA AREAS 


By 1942, it was judged that the Iowa investigations 
had yielded adequate data for a comprehensive treat- 
ment of mink-muskrat This report 
(Errington 1943) covered nearly a decade, from the 
spring and summer of 1934 through the spring of 
1943. 

From the data acerued by the end of the second 


relationships. 





odes: 


decade of work, the first decade may still be appraised 
as highly productive of information on the responsive- 
ness of minks to parts of muskrat populations that 
were vulnerable to predation for reasons of over- 
crowding or weather emergenci Several cate- 
gories of mink predation upon muskrats were dis- 
tinguished, and, despite the acquisition of far more 
data since the 1943 publication, the conclusions of the 
first decade retain over-all validity as to the following: 

(a) Adult muskrats having regular home ranges on 
fowa areas during the breeding months were prac- 
tically safe from mink predation as long as their 
habitats remained in good condition. However, when 
put to overwhelming disadvantage, as through drought 
exposure, these same muskrats could suffer severe 
mink predation, to the extent of local annihilation 
in extreme cases. 

(b) For adult muskrats that did not enjoy the 
normal security of bona fide residents during the 
breeding months, severity of mink predation was 
mostly a matter of the larger minks encountering 
land-active muskrats that were neither able to defend 
themselves nor to escape. Habitual transients of late 
spring, the surplus individuals that are attacked and 
injured by defenders of established territories and 
driven into the poorer grades of environment, had 
a tendency to congregate along the edges of marshes 
and lakes, directly in the lines of travel of minks. 

(¢) Mink predation upon young muskrats during 
the breeding months could be heavy whenever cir- 
cumstances made large numbers vulnerable to preda- 
tion. The main factor other than drought exposure to 
promote predation losses was overpopulation of hab- 
itats by the muskrats themselves. Minks preyed upon 
overproduced young muskrats particularly when the 
latter were foreed into hazardous ways of life in 
consequence of attacks of other muskrats, as when 
forced ashore from the crowded wetter parts of 
marshes. Infection by a fungus skin disease ( Tricho- 
phyton mentagrophytes) was another factor predis- 
posing victims to mink predation. Young muskrats 
of well-situated populations ordinarily were not sub- 
ject to much mink predation; many substantial musk- 
rat populations having physical and psychological 
odds in their favor lost few or no young to minks 
during entire breeding seasons, the presence of even 
high densities of minks in their midst notwithstand- 
ing. 

(ad) Mink predation upon muskrats during the post- 
breeding months of late summer and fall tended to be 
negligible unless droughts, storms, ete., brought about 
crises, or large numbers of muskrats started wander- 
ing cross-country or invading habitats already oceu- 
pied to capacity by other muskrats. Although these 
may be among the drier months of the year, an 
abundance of food combined with diminished breed- 
ing-season tensions often meant very favorable living 
for the muskrats. Furthermore, with most of the nat- 
ural “shaking down” of population surpluses having 


already taken place by late summer, survivors had 
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rather good prospects for continuing to survive for 
a time. 

(e) Early-winter mink predation upon muskrats 
tended to be light and sporadic and centered upon 
the homeless, the restless, and the drought-exposed. 

(f) From mid-winter through early spring, any 
sinking of frost lines that sealed off the food supply 
of muskrats in the shallower habitats and made the 
muskrats increasingly subject to general winter mor- 
tality also made them increasingly subject to mink 
predation. When muskrats frequently or regularly 
“ame out on the surface of the ice or snow to seek 
food in cold weather, some minks could kill them in 
large numbers. Late winter mink predation was 
often centered upon muskrats becoming restless or 
forced out of secure wintering quarters with the 
approach of the muskrat breeding season. The spe- 
cial targets for this predation were the individual 
muskrats that kept coming out on the ice during 
thaws, weeks before the beginning of the real spring 
dispersal. Severe predation upon these vulnerable 
individuals was followed in well-studied cases by 
notable absences of battered, habitual transients in 
late spring, and it would appear to have been the 
same individuals—social misfits?—that behaved in 
these ways, whether long before the ice broke up or 
long afterward. 

The fundamental role of intraspecific intolerance in 
limiting muskrat populations was apparent by the 
end of the first decade of field work. Herein lay 
the big rigidities in the population behavior of the 
muskrat, those dependent upon the muskrat’s own 
psychological make-up. On the whole, annual in- 
creases and upper levels of maintenance of muskrat 
populations conformed to mathematical patterns set 
by the species itself in relation to the supporting ¢a- 
pacity of its environment. 

Conformation to these self-limiting patterns never- 
theless implied much resilience in rates of gain and 
loss, much natural substituting and compensating 
especially in the loss rates. Higher rates of loss from 
one agency of mortality had ways of being offset, 
partly or completely, by lower rates of loss from 
other agencies, with the totality of the seasonal or 
annual losses being more or less predetermined by 


how much a population consisted of wastage animals. 
With that part of a population in excess of the se- 
cure level for a given area being doomed to die, the 
exact fate of wastage animals made seant difference 
biologically. 

When losses from mink predation were considered 
from this perspective, the severest observed had 
doubtful net effect on the muskrat populations of the 
lowa areas as long as the habitats remained in good 
condition for the muskrats. During the breeding 
season of the muskrats, which was typically the period 
of severest nonhuman predation, nearly all that the 
minks ever were able to do as muskrat predators was 
to prey upon some of ihe more expendible parts of 
the populations. 

The main dissatisfaction with the analysis of mink 
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predation prepared near the end of the first decade 
had to do with the apparent ability of minks to take, 
on occasion, considerable numbers of muskrats out of 
well-situated wintering populations (Errington 1943). 
This, somehow, did not seem to fit in with the facts 
that were otherwise so clear. 

Most of the second decade was required to straight- 
en out the biggest misconceptions, and to do this 
involved making progress on two other categories 
of what were still virtual unknowns at the end of the 
first decade. Our studies of the epizootiology of a 
hemorrhagic disease of unexpectedly general distri- 
bution and deadly potentialities had not then begun, 
though there were inklings that sweeping epizootics 
could occur (Errington 1943). At that time, there 
was reason to doubt that the celebrated “ten-year 
game cycle” influenced Iowa muskrats at all, whereas 
the following decade brought out a whole array of 
manifestations and synchronies assigned to this factor 
(Errington 1954). 


” 


INTRODUCTORY COMMENTS CONCERNING 
THE SECOND DECADE OF WORK, 1943-54 


The beginnings of progress toward learning more 
about the impacts of epizootics and “cyclic” changes 
on muskrat populations were noted early in the 
second decade of the work (Errington 1946). Later 
(Errington 1951) part of what amounted to the 
modern picture was briefly summarized from the case 
histories of Iowa observational areas written up in 
a book manuscript on muskrat populations. The 
present offering is prepared both from these case 
histories and from the original field notes. 

In considering the muskrat as a food item of Iowa 
minks, one must keep in mind that these minks 
typically have plenty of acceptable food available to 
them, at least in summer and fall, if not the year 
around. Local minks that find food easily when 
muskrats are absent or unavailable may almost ignore 
these other sources when they do have muskrats to 
eat. When these same minks feed upon stale or half- 
rotten muskrat flesh in places full of readily exploit- 
able crayfishes (Cambarus), frogs (Rana), or other 
of their truly staple foods, it is not because they lack 
alternatives. Laymen having exaggerated concepts 
of “blood lust” may hardly regard the mink as an 
habitual scavenger, but the species certainly can be, 
under conditions favoring scavenging on favored 
tvpes of food. 

In living habits, minks may be either almost  se- 
dentary or very wide-ranging, or both, or engage in 
either erratic or regular movements. Within the lim- 
itations of their individual home ranges and _intol- 
erances toward other members of their kind (Erring- 
ton 1943), minks may be among the freest of free 
agents. They can be indefatigable searchers and, 
with their ability to enter small holes and to dig 
through hard soil and snow and into frozen muskrat 
lodges, with their strength and stamina, and with 
their excellent sense of smell, they may give the 
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major muskrat habitats of an area a quite thorough 
coverage as long as they can get to them. 

Thus it follows that, when anything goes very 
much wrong with the day-by-day fortunes of our 
Iowa muskrats, the minks, if numerous and wide- 
ranging, often find out about it and respond accord- 
ingly. Such minks, in short, may at times serve as 
indicators of the well-being or lack of well-being of 
local muskrat populations, though with considerably 
less uniformity during the warmer than during the 
colder months. 

I do not contend that partiality shown by grown 
minks toward muskrats as a food differs 
noticeably with the time of year, but the opportunities 
of the minks may differ. 
eliminates 


source of 


Rapidity of decay in warm 
weather prospective food in the 
form of dead muskrats before the minks may have a 
chance to utilize it. 

While tainted flesh may commonly be eaten by 
minks, I have only occasionally known a mink to 
feed under natural conditions upon any flesh that was 
liquifying from deeay. 


much 


In summer, a muskrat carcass 
affording good scavenging on one day may be too 
far gone to interest most minks by the next day. 
For another thing, the central or deep-water tracts 
of Iowa marshes are usually outside of the travel 
routes of minks except when drought-exposed or 
frozen over, which means that the minks may not 
hunt even in the vicinity of the principal muskrat re- 
On 
the other hand, minks occasionally summer right out 
among the muskrats in the center of a shallow or 
thickly vegetated marsh, or the whole muskrat popu- 
lation may be confined to a shore zone where minks 
hunt every day. 

Nor should the tremendous local differences in 
muskrat populations, and in numbers of dead musk- 
rats available for scavengers, be lost sight of. <A 
marsh one year may have muskrats of all ages con- 
centrated at 100 per acre or more 
on particular tracts, perhaps, it may have most of 
the muskrats of a whole county, or again, it may not 
have any muskrats, or so few that they would not 
comprise any significant proportion of the diet of 
the minks if they were all eaten. On a particular 
day, there may be as many as 20 or more dead musk- 
rats per acre available to local minks, or two or three 
along a half mile of shore or there may not 


treats of some areas over periods of months. 


densities up to 


be any 
over considerable areas for weeks and months. Ordi- 
narily, marsh rather than stream habitats in central 
Iowa have greater concentrations of both muskrats 
and minks, and studies of epizooties on the marshes 
are the more productive of data. For these reasons, 
this study will treat mainly with the Wall, Little 
Wall, and Goose Lakes study areas, and with streams 
and outlying waters only to the extent that the latter 
may contribute special information. 


Another point that should be made clear relates 
to the mink seats that have furnished such valuable 
data in connection with routine studies of Iowa musk- 
rat populations. 


Minks are not dainty feeders. They 
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eat quantities of fur, feathers, scales, bones, exo- 
skeleton fragments, ete., and they deposit substantial 
proportions of their seats at types of stations familiar 
to experienced field observers. By making inspection 
trips at suitable intervals, an observer may keep well 
informed as to the food habits of iocal minks. The 
minks have sufficient tendency to “hole-up” with a 
muskrat carcass or otherwise remain at or about a 
given place for hours or days, and their digestion of 
protein is sufficiently rapid so that any notable repre- 
sentation of muskrat remains in a locally gathered 
series of seats is almost certain to reflect a local source 
of muskrat flesh. Food sources and sites of deposi- 
tion of mink scats may be so near each other on Lowa 
marshes that, in practice, one does not often expect 
to find many seats deposited more than 50 to 100 
yards distant from the place where the meal was 
eaten though it would not be correct to assume great 
constancy in matters of this sort, and we may have 
variables introduced by the minks dragging carcasses 
away from sites of discovery. 

Throughout our second decade of study, the out- 
standing source of dead muskrats for minks was what 
appears to be a single disease entity. Mortality from 
the disease taking place on the study areas covered 
in this paper from fall, 1943, through the winter of 
1953-54, was caleulated at about 7500 muskrats of 
weaned ages and older, mostly of adulis and = sub- 
adults. Of these victims, remains of at least 1000 
were handled. 

The disease has been convincingly recognized from 
gross lesions and epizootiological behavior over most 
regions of North America occupied by muskrats, from 
below the Fortieth Parallel northward, although I 
know of no one who has, to date, succeeded in de- 
termining its etiology. Its syndromes are those of 
visceral and other hemorrhages and liver necrosis, of 
various degrees and combinations, with liver lesions 
closely resembling those of tularemia. Sufficient 
laboratory work (mostly unpublished) has been done 
to prove that it is not tularenia, but its distribution 
in North America seems roughly to be about the same 
as tularemia, and the known details of its epizooti- 
ology are not entirely dissimilar to those of tularemia. 
It is both a disease of local “hotspots” that retain in 
fectiousness vear after year (for at least five vears 
in the total absence of muskrats and during prolonged 
drought exposures) and one that can spread with 
switt deadliness across a marsh away from the “hot 


spots” whenever conditions favor spreading. 


THE MUSKRAT AS A FOOD ITEM OF LOWA 
MINKS DURING THE WARMER MONTHS, 
1943-53 
On the central lowa study areas that vielded data 
on the hemorrhagie disease during ice-free times of 
vear, 1943-53, 570 or 8.2% of 6931 mink seats that 
were examined contemporaneously with the disease 
studies contained muskrat remains. Subdivided, these 
records for the seats show 194 or 13.0% of 1489 
Wall Lake containing muskrat 


seats from the 935 ae. 


remains; 253 or 7.4% of 3421 seats from the 270 ae. 
Little Wall Lake; 94 or 5.7% of 1663 seats from the 
100 ac. Goose Lake; and 29 or 8.1% of 358 seats from 
streams and outlying waters of 22 sq. mi. of Boone 
and Story Counties. 

(a) Wall Lake. Three lots of minks seats totalling 
343 were gathered from hemorrhagic “hotspots” of 
Wall Lake in late spring and early summer, 1951 and 
1952, and 100 of these contained muskrat remains. 

In 1951, four “hotspots” comprised a total of about 
30 ac. of marsh becoming all but depopulated from 
a loss of about 65 adult muskrats, mostly from late 
April to mid-May. Two of the “hotspots” were reg- 
ularly occupied by three individually distinguishable 
minks until long after the ice went out. During the 
first half of May, at the peak of the dying from 
disease, 36 of a sample of 43 minks seats contained 
muskrat remains, compared with nine of 90 seats, 
deposited prior to, and one of 30 seats after, this 
period. Of 22 dead muskrats handled, early spring 
to mid-May, 11 were intact enough to examine for 
disease lesions, which were distinctive in nine of the 
11 cases. All three of the fresher and more intact 
of the carcasses retrieved from the mink retreats were 
disease victims. The single seat containing remains 
of a muskrat in the 30 collected after the peak of 
the dying was from a place showing evidence of very 
localized disease mortality. 

The 1951 dying subsided by early June, whereupon 
the minks stopped eating muskrats, even after moving 
into disease-free neighboring tracts having many 
breeding muskrats in residence. The reproductive 
efficiency of these muskrats living in the mink-oceu- 
pied tracts was, in faet, about as high as we have 
ever recorded on our study areas: f the 
young conceived by the centrally located muskrat 
females were reared up to the beginning of the trap- 
ping season. The three minks, though known to feed 
on muskrat flesh when available (whether fresh or 
stale), remained out in the marsh living on water 
birds for some weeks before finally going to shore. In 
a third deep-marsh “hotspot,” a family of raccoons 
(Procyon lotor) similarly lived on muskrat flesh as 


over 80% 


long as it was available. No flesh-eating mammals 
discovered the fourth “hotspot” until too late for ex- 
ploitation. 


In 1952, no spring “hotspots” of any importance 


failed to draw the attention of minks, the minks (at 


least three individuals) staying over from late winter 
in the places having exploitable dead muskrats. 
About 55 ae. of located traets 
suffered about 90% loss from disease (or a total of 
about 100 adult muskrats) between March and mid- 
June; but a population of almost 1000 adults re- 

April was 

¥< 


mainly centrally 


mained to breed elsewhere on the marsh. 
the month of severest disease mortality, and 32 of 
102 “hotspot” mink seats contained muskrat remains, 
No musk- 


rat remains were found in 165 May and June mink 


as did 32 of 198 seats for May and June. 


} } 2 = 
scats gathered from disease-free places that were well 


As long as muskrats kept 


populated with muskrats. 
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dying, the local minks took advantage of them, though 
overlooking an estimated two dead for every one that 
they found. 

Sixty-one of 433 mink seats for April, 1953, con- 
tained muskrat remains, but no muskrat remains were 
found in 193 seats for the first half of May through 
mid-summer. The April exploitation certainly showed 
responsiveness to muskrats dying from disease at 
Of eight dead adult muskrats ex- 
amined in sufficiently fresh or intact condition to be 
diagnostic, seven (including two partly eaten by 
minks) were disease victims. Not all of this ex- 
ploitation may be linked with “hotspots,” however, 
for upwards of 1000 adult muskrats entered the 
breeding season in the shallower north half of the 
marsh, the shores of which were habitually frequented 


known “hotspots.” 


by a dozen or so minks having appetites for mus- 
rat flesh; and the period during which I regularly 
saw land-active transients coincided with that of the 
higher incidences of muskrat remains in the mink 
Only six of the 39 adult muskrats for which 
spring mortality was recorded in the field notes had 
not been fed upon by minks. 

The shallows became drought-exposed in late sum- 
mer and early fall, 1953, with extremely serious con- 
sequences to the occupants of upwards of 130 breed- 
ing territories and less serious consequences to the 
occupants of another 300, or more, territories. By 
mid-October, fair remnants of the original popula- 
tions were still living in the dried-out territories. 
These population remnants could be seen at the 
sites of old disease “hotspots” as well as elsewhere, 
but there was distinctly more evidence of dying at 
the “hotspots.” At two of the best-known of the 
“hotspots,” seven of 19 mink seats from early October 
contained muskrat remains, compared with only two 
of 30 seats deposited short distances away. The 
occurrence of muskrat remains in eight of nine seats 
from a long-dry place probably reflects the killing 
of a drought-exposed muskrat by a mink, but else- 
where it was remarkable how little the drought- 
exposed were exploited by minks except at the 
old “hotspots.” For other parts of the marsh, 
eight of 35 fall mink seats contained muskrat  re- 
mains, but, of these, only one lot (muskrat remains 
in two of four) came from a known “hotspot,” the 
others being from exposed shallows. However, 14 of 
the 21 dead muskrats recorded for the 1953 fall period 
at Wall Lake were from “hotspots.” 

This leaves only 232 of the warm-season mink scats 
from Wall Lake to be discussed, and only seven of 
the 232 contained muskrat remains. Remains were 
found in three of 24 seats of late summer and early 
fall, 1951, from a well-known minor “hotspot.” The 
other four muskrat representations in lots totalling 
83 mink seats could not be fully accounted for; three 
of the four representations were dated to late sum- 
mer and fall, 1947 and 1949, when considerable areas 
of marsh were drought-exposed. 


seats. 


It may be appropriate to summarize here, rather 
parenthetically, our exceptionally good 1953 data on 











RESPONSIVENESS OF M1InxKs TO Epizootics IN MuskKrRAT POPULATIONS 381 


raccoon-muskrat relationships at Wall Lake, especi- 
ally in view of the extensive feeding by raccoons 
upon muskrats reported from marshes of the Atlantic 
Coast (Harris 1952; Wilson 1953). Our central 
Iowa raccoons were seldom anywhere nearly as adept 
at responding either to sources of dead muskrats or 
to drought-vulnerability of muskrat populations as 
were the minks, though at times the scavenging of 
raccoons at sites of heavy disease mortality was so 
thorough as to hinder the finding of intact vietims 
for post-mortem examination. 

During the late winter and early spring of 1953, 
raccoons dug open lodges in one of the principal dis- 
ease “hotspots” of the south part, and they contin- 
ued visiting this tract until mid-spring. Once, two 
raccoons were seen asleep in the top of a lodge having 
“sion” of a dug-out nest of young muskrats, and other 
nests in the vicinity clearly had been raided. Of 60 
raccoon seats deposited in or near the “hotspot” from 
late March to early May, 17 contained remains of 
young muskrats, and the muskrat-containing seats had 
bones of dozens of individuals of young muskrats, 
ranging in age up to several weeks at time of death. 
Some of the seats were packed masses of tiny musk- 
rat bones and teeth. This exploitation ceased in early 
May, and none of 23 raccoon seats deposited here from 
mid-May to early June contained muskrat remains. 
About 1000 raccoon seats deposited from late March 
through June in the meadows and muskrat-filled shal- 
lows of the north part of Wall Lake were hastily ex- 
amined without noting any muskrat remains in them. 

Most of the opening of the Wall Lake muskrat 
lodges by raccoons in May and June, 1953, occurred 
in a second disease “hotspot,” this one along the south 
shore, but none of 44 locally deposited scats contained 
muskrat remains. The previous year, this also had 
been a site of some exploitation of young muskrats by 
raccoons, the 1952 summer sample of 45 raccoon seats 
containing remains of three-week-old muskrats in 
three of the seats. Also, this “hotspot” had been, in 
May, 1947, the site of the most systematic plundering 
of shallow-water muskrat nests by a lone raccoon. 
At that time, the “hotspot” was quite unrecognized 
as such! 

The above raccoon-muskrat relationships need fur- 
ther investigation, for they are neither a simple mat- 
ter of direct predation nor of exploitation of disease 
victims. The centering of attentions of individual 
raccoons about “hotspot” tracts was striking. Many 
shore-zone lodges and burrows adjoined both of the 
raccoon-worked “hotspots” of 1953, but the raccoons 
were not known to disturb the young muskrats ex- 
cept in the “hotspots.” Yet, much of what went on 
in the general areas of the “hotspots” did have the 
aspects of direct predation, with the raccoons digging 
out nests having young muskrats, and the one thing 
that seemed to terminate the raccoon predation was 
the harrassed adult muskrats moving their territories 
out into deep water or into water sufficiently covered 
with emergent vegetation to discourage swimming by 


the raccoons. Of course, these territorial shifts by 











the muskrats may have reduced the chances of family 
groups contracting infections of the hemorrhagic dis- 
ease. The leg bone of a half-grown muskrat at one 
of the raccoon retreats may suggest scavenging on a 
disease victim, for this size of muskrat should nor- 
mally be able easily to escape capture by raccoons. It 
may be that the raccoons learn that “hotspots” are 
likely places in which to seek dead muskrats and 
that, while there, they may get started hunting the 
perfectly normal but helpless smaller sizes of young 
muskrats in the nests. 

In late summer and fall of 1953, latrine deposits 
totalling about another 1000 raccoon seats were looked 
over in the dry and drying areas of the north part 
of Wall Lake. Only six of these seats contained 
muskrat remains and all of the six were from the 
near vicinity of known “hotspots,” including one of 
the most consistently deadly on the whole marsh. 

(b) Little Wall Lake. In many ways, the most 
informative study of mink responses to changing 
availability of Little Wall Lake muskrats was that 
carried on from May to November, 1944. For this 
period 165 of 802 mink seats, deposited by a female 
and her litter of young and an estimated two or three 
adult males, contained muskrat remains. 

As of late April, 1944, the muskrat population of 
this marsh was about 960 adults. About 3700 young 
were conceived or born in April and May, over 1900 
young in June, and perhaps 450 young in July and 
August, or a total of over 6000 young during the 
breeding season. As of early June, when the muskrat 
population was the highest, there were about 5350 
(including about 850 adults) ; as of mid-August, about 
3000 (including probably no more than 600 adults) ; 
as of early November, prior to the fur-trapping, 
about 1600 (including about 300 adults). 

The principal decline between June and November 
followed the loss of a dominant stand of cattails 
(Typha latifolia) and deterioration of the central 
parts of the marsh because of high water. Before 
this happened, the muskrat population did not notice- 
ably exceed the supporting capacity of the habitat, 
and mortality was almost confined to the surplus males 
One mink seat of 85 examined in 
Increasing 


of the shore zone. 
May and June contained muskrat remains. 
frictions among the centrally located muskrats in 
June was accompanied by killing of young by older 
muskrats, but this, as yet, did not result in much 
muskrat flesh becoming available to the minks on 
shore. 

In early July, a wind storm blew ashore a group 
of lodges that had been insecurely anchored in dead 
cattails, thus precipitating fighting between the dis- 
placed muskrats and those defending their shore zone 
territories and forcing many animals to huddle or 
wander along shore in the vicinity of the den ocecu- 
pied by the mother mink and her litter. The mother 
mink had not been known to upon muskrats 
earlier in the summer, but, during or immediately 
after the storm, she was known to have brought 16 
Of 149 seats gathered 


prey 


young muskrats to her den. 
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at the mink den during the summer, 22 contained 
remains of young muskrats, all of the latter being 
datable to the time of the storm. 

Later in July, the population tensions at Little 
Wall Lake increased to the extent that large num- 
bers of the muskrats of the deeper parts moved 
shoreward, where they got into just about all of the 
trouble befalling muskrats under like circumstances. 
Many abandoned the marsh to wander over the coun- 
tryside, individually and in groups. Farmers found 
some in grain shocks; some muskrats congregated in 
holes in a hilly pasture, while others were killed on 
highways. About 90 were killed in 38 days while 
crossing a short stretch of highway to feed in a corn 
field. Intraspecific strife became conspicuous wher- 
ever strange muskrats intruded on defended “prop- 
erty rights,” and victims eould be found dead and 
dying of strife wounds in all sorts of temporary 
quarters on shore. Minks, dogs, foxes, and large 
birds of prey took natural advantage of the vulner- 
able drifters. Sixty-six of 223 mink scats deposited 
from mid-July to mid-August contained muskrat re- 
mains, as did 46 of 158 from mid-August through 
September. 

By October, the overflow animals from the deep 
marsh had been frittered away sufficiently to relieve 
the severer population tensions. Then, an epizootic 
of hemorrhagic disease started up and quickly de- 
populated nearly three-quarters of a mile of shore 
zone, with a loss of about 350 muskrats up to the 
opening of the trapping season, November 10. Re- 
sponsiveness of the minks to this is shown by muskrat 
remains in 17 of 32 seats deposited in the disease- 
swept zone during the second half of October. Else- 
where about the shore, 155 seats deposited during the 
month had remains in only 13, a proportion not un- 
expectedly high in view of the continued presence of 
some strife-torn wanderers. 

After 1944, the marsh in its deteriorated condi- 
tion had a fall supporting capacity of around 400 
muskrats and usually adequate breeding stock and 
breeding success to bring the population up to that 
fall capacity. Minks often were absent from the 
marsh or present in small numbers during the 1945- 
53, period, and, when they were present, they seldom 
had opportunities to exploit the muskrats. 
mink seats examined after 
remains. Of the 88 
series of 39 seats 


Of 2619 warm-season 
1944, 88 muskrat 
representations, eight were in a 
dating to August, 1948, and 27 more were in 135 
seats dating to the summer and fall of 1949. The 
muskrat representations of August, 1948, were from 
the vicinity of an old disease “hotspot”; no muskrat 
remains were found in 70 seats gathered earlier in 
the summer. In 1949, not only were some of the 
bank burrows exposed by drought but considerable 
disease mortality also occurred. 

The summers and falls of 1950 and 1951 were vir- 
tually minkless until one appeared in July, 1951, so 
variable losses from hemorrhagie disease during these 
periods were not reflected in mink diets. In 1952, 


contained 
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two or three minks were in residence from mid-sum- 
mer to fall, and these responded in a typical way to 
the dying of an estimated 100 to 200 muskrats that 
started in late June; none of 48 June seats contained 
muskrat remains, but there were five representations 
in 161 July seats and five more in 24 August seats at 
the height of the dying; no muskrat remains were 
found in nine fall seats, the dying then having sub- 
sided. 

The early-May population of about 80 adult musk- 
rats maintaining 47 territories in 1953 suffered a cer- 
tain amount of disease loss as the breeding season 
gained By mid-June, only 37 territories 
were functional, and, by late July, more loss had 
taken place, especially in and about five burrow 
systems at which there had been disease mortality in 
late years. Annihilative losses were noted at but two 
of the latter five burrow systems. In one of these 
two cases of annihilative loss, a did mueh 
of the seavenging on the dead in the upper part of a 
partly exposed burrow system, while muskrat remains 
were found in two of 16 mink seats deposited near 
by. In the other case, 25 of 239 mink seats for early 
and mid-July contained muskrat remains. All of 
the 25 muskrat-containing seats were datable to a 
period of less than two weeks; all traceable to one 
burrow system that suddenly “went dead.” 

Continued exposure of the shore zone during a 
drought of late summer and fall, 1953, forced most of 
the muskrats to move toward the center, away from 
the really dangerous old foci of infection, and, from 
August through October, there was very little dying of 
muskrats at Little Wall Lake. No muskrat remains 
were found in 172 mink seats deposited during this 
period. At least four minks frequented the marsh, 
and the populuation of muskrats was calculated at 
between 350 and 400, probably nearer the former, 


headway. 


raccoon 


as of early December. 

Of the 16 muskrat representations in 1706 other 
mink seats examined Little Wall 
Lake after 1944, six were of almost certain disease 
victims; one was probably of a fall wanderer; one 
was of an aged individual, possibly found dead by 
the mink; and eight were of young animals from 
weaning to subadult sizes that seemed to have been 
caught as the minks had opportunities. 

(c) Goose Lake. Of the mink seats gathered dur- 
ing the warmer months at Goose Lake, 552 (with musk- 
rat remains in 46) were from 1943, a year of great 
An exceedingly high 


warm-season from 


population crises at that marsh. 
population of between 1100 and 1200, mostly localized 
in the food-rich south half, was calculated to have 
wintered. The “settled” adult population by June 
amounted to only about 630. The outstanding agency 
of reduction was departure from the area, but the 
intraspecific strife in tension zones was also terrific. 
As many as 11 dead were found in one day along a 
half-mile of shore, nearly all strife vietims, but, for 
unapparent reasons, none of 31 mink seats from mid- 
spring contained muskrat remains. 

With the coming of summer, the best (cattail) food 
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at Goose Lake were lost through flooding. 
mid-summer losses of adults remained mod- 


resources 
Although 
erate for a population so top-heavy for the marsh 
(reducing the numbers of residents to about 555, as 
of early August), few young were born after the 
middle of June, and the losses of the young that 
were born were as severe as any of which we have 


record under non-drought conditions—chiefly through 
attacks of other muskrats but also through preda- 
tion by a mother mink and her young. Sixteen of 
97 mink seats for June and nine of 161 for July and 
August contained these luckless 
muskrats. The post-breeding population had an age 
ratio of less than two young per adult. 


remains of young 


In August, an epizootic of the hemorrhagic disea: 
slowly gained momentum, until about three muskrats 
were dying per day by October and early November, 
totalling about 200 victims by freeze-up. This dying 
was so restricted to deep-marsh tracts during the ice- 
free months that the minks seldom found dead musk- 
rats that might even be suspected of having died of 
disease. The minks did take advantage of conspicuous 
numbers of strife-torn wanderers living along the 
shore in October: six of 127 mink seats for the first 
half of that month and 15 of 136 seats for the second 
half contained muskrat remains. 

For the breeding seasons 1944-50, established adult 
populations of muskrats did not exceed 30 in any 
one year, nor did total early fall populations exceed 
100. Each year, 1944-48, had at least one deadly 
epizootic. Thirty-three of 625 mink seats for the 
period contained muskrat remains, and, of the 33 
representations, 23 could be satisfactorily traced to 
dying at local “hotspots” and the other 10 largely 
No muskrat 
found in 136 seats deposited in late March and early 
April and from September to November, 1949, a year 


to drought exposures. remains were 


of no epizooties. 

The clearest case of Goose Lake minks responding 
to a warm-weather epizootic in the muskrats was 
found in 1952. A mid-fall population of about 1255 
muskrats was the highest since 1943, and this popu- 
lation got along up to October with no detected loss 
from a heavy population of minks (at least a dozen), 
even despite partial drought exposure of the shallows. 
In mid-October, an epizootic started at an old “hot- 
spot” and, in the space of three weeks, killed a eal- 
culated total of nearly 300 muskrats along about 255 
yd. of shore zone. None of 85 late summer and early 
fall mink seats from or near the disease-swept tract 
contained muskrat remains, compared with remains 
in three of 53 from early and mid-October and in 
10 of 66 from late October and early November. 

By the spring of 1953, about 70 muskrats (out of 
about 350 alive at the close of the trapping season in 
December) were surviving on the marsh. Five were 
recorded as dying from hemorrhagie disease in April 

all in or near known “hotspots,” and three of the 
five were fed upon by minks. Two of 59 mid-April 
to early May seats contained muskrat remains, both 


from a notorious “hotspot.” Prior to the spring dy- 
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ing, the three of 37 seats for mid-March to April 
containing muskrat remains are probably explainable 
in terms of minks scavenging upon victims of winter- 
killing made newly available by the melting of the 
ice. 

Practically all of the animals reaching the “hot- 
spots” died before mid-summer, thus leaving about 
50 adults resident in the safer places. The latter 
adults and their season’s young got along splendidly 
in lush vegetation and adequate water until the food- 
rich shallows of the south part of Goose Lake again 
dried up, after which (late September) most of the 
young animals and some of the adults moved to the 
main body of water remaining, that of the relatively 
food-poor north half of the marsh. Of a mid-fall 
population of about 230, about 90 still lived in the 
dry but food-rich shallows, but they seemed well able 
to take care of themselves up to cold weather, de- 
spite the hunting activities of at least four minks. 
No muskrat remains were found in 87 mink seats 
deposited from mid-summer through October. 

Severe local dying from the hemorrhagic disease be- 
gan at two of the deadliest old “hotspots” of the 
wetter north part shortly after these were repopulated 
by muskrats in the course of the September adjust- 
ments; 51 dead were here recorded, and the two “hot- 
spots” were totally without muskrats at freeze-up. 
A minor amount of dying occurred contemporane- 
ously in one of the old “hotspots” of the dry marsh, 
four dead being found, compared with an estimated 
10 to 15 eseaping the disease. Few of the diseased 
dead were found by minks before they decayed in 
the warm October weather, and no seats were found 
corresponding to the few disease victims that the 
minks did eat at this time. Nor did the numerous 
raccoons exploit either the drought-exposed or the 
diseased muskrats to any important extent; latrines 
made up of thousands of their seats were examined 
in the field from August through December without 
finding any muskrat remains. But scavenging flesh- 
saters (not only minks, as expected, but also foxes 
and raccoons) responded conspicuously after freeze- 
up, as will be shown later. 

(d) Streams and Outlying Waters, Boone and 
Story Counties. The habitats here dealt with have 
had, collectively, annual breeding populations dur- 
ing the second decade of study ranging from over 
100 to nearly 300 adults and ealeulated fall popula- 
tions ranging from over 200 to over 1350. The usual 
breeding and fall populations have been around 160 
and 400, respectively. 

Minks occurred most erratically on these areas dur- 
ing the warmer months and seldom came in contact 
with what relatively few muskrats were dying from 
hemorrhagic disease. Nevertheless, the pattern of 
responsiveness of minks to availability of muskrat 
flesh is, so far as it goes, as clear for the water- 

‘urses as for the marshes. 

Of the total of 358 mink seats, 29 contained musk- 
‘at remains. All of the 29 representations were 
from two situations, in both of which appraisals were 
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complicated by drought exposure of the muskrats; 
the principal agency of mortality was unquestionably 
disease. 

No muskrats survived until winter at a shallow 
field pond haviug aed equivalents of two pairs and 
their season’s young in 1944. In the second half of 
October, a freshly We ‘d diseased young muskrat was 
found, and 27 of 29 fresh mink seats contained rinsk- 
rat remains. Earlier (in July), a single muskrat- 
containing scat had been found at the same pond. 

The other place was a “hotspot” burrow system in 
a dry ditch, where six dead muskrats were found in 
late September and early October, 1948. Three of 
the four freshest dead were certain victims of disease. 
None of 75 mink seats deposited along the ditch be- 
fore the dying and none of 14 deposited afterward 
contained muskrat remains, but one mink seat did 
contain muskrat of 13 deposited contemporaneously 
with the dying. 


THE MUSKRAT AS A FOOD ITEM OF IOWA 
MINKS DURING THE COLDER MONTHS, 
1943-54 
The incidence of muskrat remains in mink seats de- 
posited on the central Iowa study areas during the 
colder months of the second deeade tended to be about 
three times that of the warmer months: 1845 or 
29.6% of 6245 seats examined. Subdivided, as for the 
warmer months, the cold weather records show 675 or 
27.1% of 2491 seats from Wall Lake containing musk- 
‘at remains; 216 or 23.5% of 918 seats from Little 
Wall Lake; 949 or 32.8% of 2710 seats from Goose 
Lake; six or 4.8% of 126 seats from the streams and 
outlying waters. 
(a) Wall Lake. 
been recognized at Wall Lake prior to the fall of 
1946, and about 1000 muskrats wintered securely 
on a 90 ac. fur-refuge tract in 1944-45 and about 
1500 on 150 ae. of refuge in 1945-46. One of two 
dead muskrats examined had probably been eaten by 
a mink, and one of 62 mink seats picked up in the 
course of the two winters contained muskrat remains. 


The hemorrhagic disease had not 


There was evidence of localized disease mortality in 
the fall of 1946, and considerable mortality from old 
age and strife on the 150 ae. of refuge where about 
3000 muskrats wintered in 1946-47, but practically 
no minks were then present to exploit the dead musk- 
rats that were available. 

In the fall of 1947, the shallow parts were drought- 
exposed. Minks were again scarce and restricted to 
about 80 ac. of the northwest corner having some 
hundreds of insecure muskrats; the muskrats here 
suffered a caleulated wintering loss of about 535, and 
12 of 14 dead examined had been fed upon by minks. 
Thirty-three of 132 mink seats from winter and early 
spring contained muskrat remains. The possible role 
of disease in the mortality of the shallows-dwelling 
muskrats is not clear, for the muskrats engaged 1 
much fighting among themselves and had _ serious 
troubles as the frost line sank in the mud. But, in 
north-central Wall Lake at the edge of the shallows 
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where severe winter-killing occurred, at least 25 were 
found to have died from hemorrhagic disease in an 
area of about an acre, the focus of infection from 
which a most deadly epizootic was to spread in the 
spring. This small “hotspot” remained undiscovered 
all winter by the few minks present. 

Between late summer, 1948, through March, 1949, 
hundreds of muskrats died at Wall Lake, and 233 
victims of the hemorrhagic disease were examined, in 
contrast with only eight found dead of strife wounds 
or old age. Most of the mortality came before freeze- 
up, and the dead muskrats were not eaten by minks, 
except some that died on shore. Early in the winter, 
five of 50 mink seats contained muskrat remains, of 
which three of the representations came from a 
small “hotspot.” In mid-winter a big mink subsisted 
for at least five weeks on the dead muskrats of 
another “hotspot,” seven of nine of its seats for 
February containing muskrat remains. 

Wintering losses between the end of the trapping 
season and the beginning of the spring dispersal, 
1949-50, totaled about 300 muskrats, from disease, 
frost-eviction, and mink predation combined. The 
heaviest losses were on about 25 ac. of shallows hay- 
ing about 150 muskrats, and these tracts were all but 
depopulated. No really sweeping epizooties got 
started, and, except for two “hotspots” having early 
spring dying, most detected mortality was through 
the agency of at least four minks preying upon local 
muskrats during a freeze-out. 

The period of greatest crisis from the 1949-50 
freezing was January 20 to February 7, and, during 
this period, 19 mink victims were noted from the 
affected shallows, compared with one before January 
20 and seven after February 7. Thirteen of 21 mink 
seats for the crisis period contained muskrat remains, 
and, of the 21 scats, the only ones not containing 
muskrat remains were from a tract where the musk- 
rats continued to live securely. After the passing of 
the crisis in mid-February, minks still fed upon musk- 
rat carcasses remaining available, and remains were 
found in 26 of 42 seats deposited from late February 
to late March. Only two of the 50 seats from early 
January had contained muskrat remains. At the 
height of the crises, individual minks were killing 
and caching as many as four muskrats per day. Of 
two Wall Lake “hotspots” of early spring, 1950, one 
was a tract of about four acres, depopulated with a 
total loss of about 80 muskrats; 21 of 42 mink seats 
deposited at the time of this dying contained musk- 
rat remains. 

The other of the two early spring “hotspots” of 
1950 well illustrated mink responses. Two wanderers 
were noted in the vicinity, one with a frozen tail be- 
ing killed by a mink and an aged one dying in an 
improvised nest in a rush clump. The first indiea- 
tion that dying from disease might be occurring came 
when seven of 16 mink seats for the first half of 


March contained muskrat remains. The lodges of 


the suspected focus of infection were opened by hand, 
and nine dead were found, of which five were suffici- 
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One of the 
diseased animals had come out on the ice to be over- 
taken and killed by a mink. 

The minks frequenting Wall Lake in the winter of 
1950-51 centered much of their attention on old “hot- 
spots.”° Only two of nine local sites of muskrat 
mortality had no evident connection with the hem- 
orrhagice disease and these two had light losses con- 


ently intact to show hemorrhagic lesions. 


sidered incidental to deep freezing of shallows. Four 
mink-attended “hotspots” not only had muskrats dy- 
ing there during the winter but also into the spring 
(see discussion for the warmer months), but the total 
winter mortality was not great. Nine of 90 
contained muskrat remains. 


seats 


muskrats found at Wall Lake in 
late fall of 1951, though the hemorrhagic disease was 
very wide-spread in a muskrat population that showed 
high resistance to it. . (Forty-five of 450 trapped ear- 


Few dead were 


casses examined for lesions suggested recent recoveries 
from sublethal eases of the hemorrhagic disease.) An 
exceedingly large population of minks, up to 20, cov- 
ered the marsh thoroughly after freeze-up. By late 
December, these minks had found two places where 
muskrats were dying; only one of the 10 recorded 
victims was intact enough to show lesions and it had 
them. Eighteen of 40 mink seats contained musk- 
rat remains, and 17 of the 18 muskrat representations 
‘ame from the “hotspots.” 

Between early January and March, 1952, the minks 
discovered four more active “hotspots,” of which one 
was the focus of a major epizootic (pneumonie syn- 
drome of the hemorrhagic disease) killing hundreds 
of muskrats. Of 32 dead examined at the latter place, 
only 11 were in condition for diagnoses, but all of 
these had distinetive lesions. All of 16 mink 
seats consisted of muskrat remains. At the minor 
“hotspots,” minks ate at least seven muskrats 
during this period; the scats examined had no musk- 
rat remains in 70 for late fall and early winter, com- 
pared with representations in 20 of 51 for mid-winter 
to spring. Seven dead muskrats were found in fairly 
fresh and intact condition at these minor “hotspots,” 
and all had the same types of pneumonie lesions char- 
acterizing the big epizootic. 

Although around 2000 muskrats survived the No- 
vember, 1952 fur-trapping at Wall Lake, the musk- 
‘ats of the principal “hotspots” had been so reduced 
that no real epizooties started up during the winter. 
Ten mink-eaten muskrats of early to mid-winter were 
found in the south part of the marsh, all in or very 
near the chief “hotspots” having muskrats in resi- 
dence; and the corresponding mink seats contained 
muskrat remains in 44 of 99. 

The shallows of the north part of the marsh had 
not been trapped efficiently because of the difficulty 
trappers had in getting around, and, as a conse- 
quence, probably 75 to 80% of the muskrats surviv- 
ing the trapping were in here. The shallows also 
offered the greatest attractions to another large win- 
tering population of minks, estimated at 12 to 15, 
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that naturally exploited whatever muskrats were 
available. 


Of 23 mink-eaten muskrats recorded for the winter 
from the well-vegetated north shallows, only three were 
in known “hotspots” but neither is it certain that any 
of the other 20 were away from “hotspots.” We did 
have in here, however, a rather crowded popula- 
tion subject to some deep freezing and intraspecific 
strife, which must be considered in appraising mink 
responses. Wintering losses in the shallows probably 
amounted to about 100 muskrats in 1952-53, and the 
best that can be done is to ascribe about half of this 
loss to disease. From early to mid-winter, 203 of 
715 mink seats contained muskrat remains; from late 
winter through the first half of March, 62 of 297 seats; 
and, for the second half of March, 57 of 455 seats. 

The late fall population for 1953 figured out at 
almost 6500, of which possibly no more than 500 
survived a month of fur-trapping (November 10 to 
December 9). No real epizootics got started before 
the trapping. Most of the old “hotspots” remained 
almost devoid of muskrats from spring through early 
fall, as dying occurred about as fast as the “hot- 
spots” were reoccupied by newcomers. After late 
summer, some (but not all) of the worst “hotspots” 
became so dry that they no longer held attractions 
for adjusting muskrats. Then, when the “hotspots” 
that still retained any attractiveness became refilled 
by adjusting animals in late fall, the trapping re- 
moved many of the dangerously situated just as they 
were beginning to die. Only four of 51 mink seats 
deposited from November, 1953, through January, 
1954, in the most trapped out “hotspots” contained 
muskrat remains, but remains of s*x dead muskrats 
were found there. 

As in 1952-53, the food-rich shallows had 
muskrats eseaping the trappers in 1953-54 than did 
the tracts that were easily accessible by boat. During 
the latter winter, very nearly annihilative mortality 
took piace at four well-known “hotspots” of the 
shallows: remains of 17 probable disease victims were 
found, and 113 of 134 mink seats deposited from 
December through February contained muskrat re- 
mains. Elsewhere in the completely or partly 
drought-exposed shallows, including suspected but 
not actually proven “hotspots,” nine dead muskrats 
were found, of which the two intact specimens were 
hemorrhagic disease victims; 14 of 28 mink seats de- 
posited at seattered sites from December through 
February contained muskrat remains. 

(b) Little Wall Lake. Somewhat of the 
winter exploitation of muskrat flesh by minks at Little 
Wall Lake, 1943-54, was associated with periods of 
population tensions among the muskrats than with 
disease mortality. 

About 90 of the 1300 entering the winter in 1943 
were animals of restless habits, coming out on the 
surface of the ice during thaws. These were preyed 
upon by the dozen or so minks then frequenting the 
marsh. From November to mid-January, while the 


more 


more 


muskrats were engaging in less surface activity than 
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after mid-winter, nine of 113 mink seats contained 
muskrat remains; coincident with increasing tensions 
within the muskrat population, 27 of 49 seats for the 
second half of January and 53 of 70 seats for Febru- 
ary and early March contained muskrat remains. 
After elimination of the surface-active part of the 
population, the other muskrats got along without 
further known loss despite habitual intrusions of the 
minks into nearly all of the lodges, and about 1200 
survived the winter. This was before any recognized 
evidence of the hemorrhagic disease was found at 
Little Wall Lake. 

The same sort of thing was noted on a lesser seale 
during the winters of 1947-48 and 1949-50, when 
populations of between 300 and 335 were present. 
Lumping the data for the two winters, we find no 
muskrat remains in 67 mink scats for early and 
mid-winter, compared with 16 of 26 scats deposited 
at times of late winter and early spring tensions 
among the muskrats. 

Wintering minks were always scarce at Little Wall 
Lake after the fur-season of 1944-45 and sometimes 
lacking for months at a stretch. During the latter 
winter, a mink appeared in mid-January, to station 
itself along the west shore where about 350 muskrats 
had died of hemorrhagic disease in late fall. It 
subsisted in part upon what dead muskrats it could 
reach in the burrows before moving to another place 
where it had easy access to much fresher muskrat 
flesh, a place along the north shore where an esti- 
mated 75 to 100 more muskrats died of a total winter- 
ing population of about 200 as the contagion spread 
under the ice. The first collection of 36 scats from 
mid-winter had muskrat remains in only two, but, 
after the mink moved to the site of dying along the 
north shore, the incidence rose to 40 in 58 seats. 

About 375 muskrats survived the 1946-47 fur-trap- 
ping, and these wintered well except at one place. Of 
118 mink seats deposited from mid-January through 
March, 15 contained muskrat remains. Nine of the 
15 muskrat-containing seats were from the principal 
disease “hotspot” of 1944 and 1945, where dying 
started up again in late February, 1947. The other 
six muskrat-containing seats probably reflected mink 
predation upon wandering muskrats during the spring 
dispersal rather than scavenging upon diseased dead. 
In 1948-49, about 250 muskrats wintered very well 
except for the occupants of a single “hotspot” bur- 
row, at which five of nine early winter mink scats con- 
tained muskrat remains, compared with none in eight 
seats from elsewhere on the marsh. Six dead musk- 
‘ats were found at the “hotspot,” their deaths datable 
to the time of appearance of the muskrat remains in 
the mink seats, and the four dead muskrats that were 
in the best condition for examination were proven vic- 
tims of the disease. 

The 1951 fall population was about 160 and pro- 
tected from fur-trapping after having suffered heavy 
during the 


disease losses (pneumonie syndrome) 
summer. Wintering losses were rather heavy in the 


only place having any real concentration (about 25) 
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after the summer die-off. Here six dead 
corded, all dying fairly early in the winter but not 
discovered by minks until almost spring. No musk- 
rat remains were found in 78 mink seats deposited 
from late fall to early February, but 19 of 47 seats 
of mid-and late February and one of 50 March seats 
contained muskrat remains. 

A population of at least 300 surviving the fur- 
trapping of November-December, 1952, wintered in 
mainly excellent condition. The marsh was devoid of 
minks from December to mid-February, but a mink 
finally appeared about February 10 to remain until 
spring. It was remarkable how soon this mink estab- 
lished itself at the only two “hotspot” burrows of a 
limited summer and fall die-off (pneumonie syn- 
drome again) that still had live muskrats after the 
trapping season. At the site of the principal “hot- 
spot,” the bodies of at least two muskrats were dug 
out by the mink, and all of 10 mink seats deposited 
between mid-February and early March contained 
muskrat remains. At the other “hotspot” burrow, 
the mink found at least one muskrat, and 17 of 33 
seats for late February contained muskrat remains, 
compared with none of 33 deposited in the first half 
of March, mostly at the same place. 

The rest of the Little Wall Lake mink seats for 
the colder months of the second decade of study con- 
tained muskrat remains in two of 113. One of these 
representations corresponded to a mink-eaten carcass 
found in Mareh 1946, after a winter of nearly per- 
fect survival of a population of about 100 muskrats. 
The other representation was dated to a violent No- 
vember storm that forced several muskrats to wander 


were Tre- 


hazardously along the shore. 

(c) Lake. A ealeulated population of be- 
tween 1000 and 1300 muskrats suffered annihilative 
mortality from hemorrhagic disease at Goose Lake 
during the winter of 1943-44, but most of the victims 
were unutilized by the few minks present or by other 
vertebrate flesh-eaters. Nevertheless, the minks did 
respond to changes in availability of muskrat flesh. 
Only one of 41 seats for the middle and latter parts 
of November (before the epizootic became sweeping) 
contained muskrat remains. The shore zone wander- 
ers, Which had drawn mink predation in October (see 
the discussion of warm-season responses) had earlier 
been eliminated by fur-trapping. From early De- 
cember to mid-March, at the height of availability of 
disease victims, 118 of 241 mink seats contained musk- 
rat The minks were plainly digging the 
dead out of lodges in early winter, the time of the 
actual collapse of the muskrat population. 

The wintering losses for 1944-45, 1946-47, 1950-51, 
and 1951-52 were almost entirely from hemorrhagic 
disease. In 1944-45, about 45 of 60 muskrats enter- 
ing the winter died of disease, and all of six mink 
scats from a “hotspot” contained muskrat remains, 
compared with three representations in 288 seats de- 
posited elsewhere by the two distinguishable minks 
frequenting the marsh. In 1946-47, about 90% of the 
60 muskrats entering this winter died of disease, and 


Goose 


remains. 
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four distinguishable minks took advantage of them; 
six of 10 “hotspot” mink seats for November con- 
tained muskrat remains, compared with a_ single 
representation in 53 November seats from elsewhere 
on the marsh; six of 255 for December and 
arly January contained muskrat remains, and five 


seats 


of the six muskrat-containing seats were deposited 
at known “hotspots.” From mid-January to mid- 
March, 1947, a series of concurrent local epizooties 
took place under the ice, and the minks followed the 
dying as it spread from one neighboring place to 
another. Of 249 mink seats corresponding perfectly 
to the times and places of the dying, 213 contained 
muskrat remains, but, by late March, representations 
in the seats had dropped to two in 31. 

About 110 of 150 muskrats successfully ‘wintered 
in 1950-51, and most mortality was traced to the 
vicinity of a notorious “hotspot.” Four distinguish- 
able minks frequented the marsh, and two of 38 early 
winter scats contained muskrat remains, both musk- 
rat representations being from the “hotspot.” For 
mid- and late winter, 49 of 191 seats contained musk- 
rat remains, and, of the 49 muskrat-containing seats, 
26 were deposited at the “hotspot.” Elsewhere on 
the marsh, there may have been a little mink preda- 
tion on some shallows-dwelling muskrats, but this was 
at a place where limited disease mortality is also 
known to occur on occasion, so the situation cannot 
be clearly appraised. 

All known muskrat mortality (about 40 of the 
approximately 300 surviving the fur-trapping) of 
the winter of 1951-52 took place at or near disease 
“hotspots.” Three minks were considered regularly 
resident, and their diets reflected the increased avail- 
ability of muskrat flesh as the dying progressed at the 
main “hotspot”: no muskrat remains in 54 early 
winter seats, in seven of 34 February seats, and in 
31 of 88 March seats. 

Perhaps three or four minks were present in the 
winter of 1945-46, Three of 75 seats for early winter, 
through the first few days of January, contained 
muskrat remains, and two of the three representations 
were almost certainly from a known disease victim. 
A three-day rain in early January, 1946, put five 
inches of water on top of the ice of the shallow tract 
occupied by most of the muskrats, thus forcing the 
occupants from subsurface retreats in which they had 
The minks killed at 
least seven muskrats in a day or two, before the 
muskrats could adjust to the flooding. Twenty of 21 
seats deposited during and just after the emergency 
and one in seven deposited in the middle of the 
month (after the muskrats had made adjustments) 
Then, in late January, 
the evidence suggested a renewal of an epizootic 
among the remainder of the approximately 60 musk- 
rats entering the winter (about 40 others had already 
died during the fall), and 52 of 75 mid-winter to 
spring mink scats contained muskrat remains. A 
survival figure of 13 muskrats living in seattered 
places was arrived at. 


been living with fair security. 


contained muskrat remains. 








An epizootic had swept part of a drought-concen- 
trated remnant in the fall of 1947, but the dying in- 
explicably ceased and left a surviving population 
of about 60 in the wetter (but food-poor) tracts and 
about a half dozen land-active ones still in the dry 
shallows, as of the first of December. After freeze- 
up, at least four of the land-active ones were quickly 
killed by minks. No muskrat remains were found in 
17 mink seats deposited in early December, but 23 
of 94 seats for late December through the first week 
of February contained muskrat rema‘ns. All of the 
early winter feeding upon muskrats by the probably 
three minks in residence was traceable to muskrats 
that were either wandering about the marsh edge or 
frozen out of the drought-exposed shallows. 

Until late January, 1948, the muskrats of the wetter 
marsh wintered securely despite mink intrusions int» 
their lodges. Early in February, the wetter marsh 
froze to the bottom, and the food supply of the 
muskrats became eneased in ice. The night of Febru- 
ary 8 (the second of two nights during which temper- 
atures fell to about —15°F.) sealed off practically 
all of the food, though a few of the better places 
retained some habitability for muskrats about a week 
longer. When this hapenned, the muskrats came 
out on the surface of the ice to search for food, and 
the minks responded at onee, killing all muskrats 
remaining on the marsh in less than three weeks 
after the onset of the acute stage of the emergency. 
Four muskrats were known to have abandoned the 
marsh in February and others doubtless did also, 
and, of the mink victims, 20 were recorded after 
February 8. A mink was known to have killed 
one of the wet-marsh group earlier in the month, 
and another muskrat was found on the ice, February 
6, in dying condition from cold. Muskrat remains 
were found in 38 of 40 mink seats for the last three 
weeks of February and in two of nine for the first 
half of March. 

No more than 33 muskrats were alive at Goose Lake 
by December 1, 1948, of which trapping accounted 
for 14. By mid-February, 1949, the marsh seemed 
depopulated except for perhaps a lone survivor. 
Three minks were individually dist*‘nguishable, and 
muskrat remains were found in seven of 14 of the 
mink seats for December, during which month the 
minks were known to have fed upon two muskrats 
caught in traps and upon two disease victims lying at 
the edge of the marsh. One of 14 January seats from 
a “hotspot” burrow also contained muskrat remains. 
Of 92 seats for February and early March, 13 con- 
tained muskrat remains, and 11 of those with musk- 
rat remains were from lodges in frozen shallows 
originally considered disease-free but later proving 
to be sites of some disease mortality. 

In late fall, 1949, after the dying of possibly a 
half dozen muskrats from disease at a “hotspot” bur- 
row, an estimated population of 85 remained. These 
included a single animal living in dry marsh and later 
killed by a mink; it was represented in two of 25 
mink seats. The muskrat population 
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suffered annihilative loss by spring, but, at least in 
early winter, the disease loss appeared to be con- 
fined to the “hotspot” burrow. After mid-January, 
the shallower parts froze to the bottom and, by early 
February, all of the better places were also frozen. 
Twenty-seven of 66 mink seats from late December 
to early February and 18 of 37 seats for the rest of 
February and March contained muskrat remains. 
At the time, the mortality after the late fall dying 
was attributed to predation by probably three minks 
upon muskrats vulnerable because of the freeze-out 
crisis, but it has since become evident that disease 
may have been in the wintering picture much more 
than was then recognized. The heaviest mortality 
took place at what proved fo be very much of a 
“hotspot” when it had muskrats living there or near 
by in 1951 and 1952. 

The winter of 1952-53 was one of unusually dra- 
matic events of Goose Lake, where about 70 of a post- 
trapping population of approximately 350 muskrats 
survived locally deadly epizooties and freeze-outs. The 
dead and handicapped muskrats were exploited by a 
minimal population of nine distinguishable iminks, 
and this exploitation paralled very closely the changes: 
in availability of muskrat flesh to the minks. 

From inid-November through December, 1952, the 
period of most of the actual dying from hemorrhagic 
disease after freeze-up, 47 of 86 mink seats contained 
muskrat remains, but many victims of this dying 
were found in frozen condition by the minks later 
in the winter and at the time of softening of the 
lodges in spring. The extremely high incidences of 
muskrat remains in mink seats for January (in 51 
of 60) and the first half of February (in 48 of 52) 
reflect not only continued availability of muskrats 
dying earlier but also the inereasing!y severe winter- 
ing crises confronting muskrats living in the less 
habitable of the shallows. 

Mild temperatures during the second half of Feb- 
ruary, 1953, relieved the wintering crises for many 
of the muskrats that had survived up io then, but 
cold snaps following thaws in mid-February imposed 
deadly hardships upon individual muskrats before 
they were able to adjust to the flooding of their sub- 
surface retreats, and the deaths of three of five 
frozen-tailed animals probably killed by minks may 
be traced to two brief weather emergencies. Thirty- 
one of 43 minks seats for the second half of Feb- 
ruary and 35 of 53 for the first half of March con- 
tained muskrat remains. The latter lot of seats cor- 
responded to a time when essentially all of the 
muskrats that had successfully wintered were living 
with security from predation, but this was also a 
time when minks had convenient access to many 
softening “hotspot” lodges and burrows that they had 
not previously penetrated. Only three of 44 seats 
for the second half of March contained muskrat re- 
mains, and one of these representations was traced 
to scavenging upon a very rotten disease victim of 
early winter. 

Of 179 dead muskrats listed in the Goose Lake 
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field notes, mid-October, 1952, through March, 1953, 
21 died under circumstances that could not be satis- 
factorily appraised, 113 died demonstrably or prac- 
tically certainly from hemorrhagic disease at old 
“hotspots,” 22 more at what are now regarded as 
probable old “hotspots,” four were trap cripples, two 
were victims of intraspecific strife, and 17 could have 
been functional though handicapped animals killed 
by predators. The latter 17 include 15 that seemed 
likely victims of mink predation, and, of the 15, at 
least five suffered enough from exposure to lose the 
ends of their tails from freezing. 

By November, 1953, all but about a dozen of the 
muskrats of drought-exposed but food-rich shallows 
had moved, for the most part, into the wetter but 
food-poor north half of Goose Lake. By late De- 
cember, following a severe cold snap in the middle 
of the month, only a lone, very large muskrat ap- 
peared to be alive in the shallows, and minks were 
diligently boring into the two principal groups of 
dry lodges in which the last living muskrats had per- 
sisted. None of 15 mink seats here deposited from 
early November to mid-December contained muskrat 
remains, but 14 of 20 deposited from mid- to late 
December, 10 of 33 for January, and eight of nine 
for February did. Of four dead muskrats accounted 
for in the shallows in mid-winter, one had died of 
hemorrhagic disease and two were probably animals 
abandoning the wetter part as it froze to the bottom 
in late January. 

The early November population on the wetter 
marsh was about 115, after loss of about 70 from 
the hemorrhagic disease. Dying at two major “hot- 
spots” was slow to get started, and experimental 
trapping was carried on to eliminate their oceupants 
in an effort to prevent spread of the contagion to 
uninfected groups of muskrats living nearby; even 
so, the resulting disease losses at these two places 
totalled about 30. The “hotspot” mink seats con- 
tained muskrat remains in five of 26 for late No- 
vember; 19 of 52 for December and early January; 
six of 17 for middle and late January; and 20 of 
35 for February. 

Away from the “hotspots,” about 30 muskrats were 
left alive after the experimental trapping, in the 
hope that some might winter despite extremely un- 
favorable food and The deepest 
water of the marsh froze solidly to the bottom in late 
January, and minks were known to have killed two 
of the evicted animals on the ice and probably two 
more after they had moved to the dry and hard- 
frozen shallows. At least nine died from 
during the winter at places from 50 to 150 yd. dis- 
tant from known “hotspots,” and, at the end of 
February, current muskrat “sign” could be found 
Much of the responsiveness of 


water conditions. 


disease 


only at one place. 
the two resident minks noted for February was to- 
ward muskrat flesh in lodges and burrows softened 
by a prolonged thaw. 
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scats considered under the above heading were gath- 
ered during the the winter of 1943-44, which had the 
highest general populations of both minks and musk- 
rats of the two decades of study. The 112 mink seats 
for this winter had muskrat remains in six. It is 
improbable that any of these stream-dwelling musk- 
rats eaten by minks were disease victims. The cir- 
cumstances of mortality suggested mink predation 
upon muskrats trying to live in submarginal, frozen- 
up habitats. 


CONCERNING THE APPARENT BEARING OF 
THE “TEN-YEAR GAME CYCLE” UPON AVAIL- 
ABILITY OF MUSKRAT FLESH TO MINKS 


The Iowa studies of “eyelie” manifestations in 
muskrat populations have not been fully published 
upon, though some of the salient findings have been 
summarized in recent papers (Errington 1951; 1954). 
The evidence in possession points to decided year-to- 
year changes in the behavior and physiology of our 
Iowa muskrats, which in turn lined up with the as- 
cending, peak, descending, and low years of the 
fluctuations of the ruffed grouse 
(Bonasa umbellus) and the snowshoe hare (Lepus 
americanus) of the “North Woods” areas of the north- 
central (Errington 1954). The observed 
synchronies presumably reflect a common depressing 
(or conceivably stimulating) mechanism, of. still un- 
known cause or mode of operation. Since the be- 
ginning of the Twentieth Century, the years ending 
in ones and twos were those most commonly associated 


“classically evelie” 


region 


with peak years of the “ten-year game eyele” in our 
region; the years ending in sixes and sevens, with 
the “eyclie lows”; and the intervening year-periods, 
with ascending or descending “eyelie phases.” 
“Cyclic” changes seemed to bring about changes in 
availability of muskrat flesh to minks in two ways in 
particular. The first 
creasing toleration toward crowding and an increasing 


was in consequence of a de- 


restlessness that, so far in our studies, have corre- 


The 


sponded with the coming of the “eyelie lows.” 


second had to do with pronounced “eyele-linked” 
changes in deadliness of the hemorrhagic disease 


shown by parts of muskrat populations contracting it. 

The psychological changes indicated by the detailed 
data both the . 
chiefly noticeable muskrat populations were 
During the two “eyelie lows” of 
1936-37 and 1946-47, breeding densities of muskrats 
in our best marshy habitats seldom exceeded the 
equivalents of 


for decades of Iowa studies were 
when 


subject to stress. 


two or three pairs per acre, even 
in places where many muskrats lived in inferior or 
unattractive tracts of the same marsh, whereas, dur- 
ing the two “eyelie highs” of 1941-43 and 1951-52, 
breeding densities in comparable habitats frequently 
exceeded five or six pairs per acre and sometimes 
approached 10 No 
friction occurred at such high densities during “evelie 


pairs per acre. more visible 


highs” than at the much lower maximum densities of 
the “evelie lows.” During the “eyelie lows,” the 
distribution of breeding territories area 


over an 
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tended to be rather uniform throughout good and 
poor habitats, alike, whereas, during the “cyclic 
highs,” much massing of territories was tolerated in 
the choicer habitats, while the poorer grades often 
remained unpopulated. 

Other contrasts were shown by the lengths of time 
in summer and early fall that well-fed muskrat pop- 
ulations persisted in drought-exposed habitats before 
abandoning them to wander over the country-side. 
From our field notes, we have extracted the case 
histories of 44 populations of muskrats thus abandon- 
ing outright their food-rich habitats under compara- 
ble conditions, and these populations may be classi- 
fied in two groups, one (24 samples) remaining an 
average of about five weeks after the disappearance 
of the surface water and the other group (20 samples) 
remaining an average of about three months. Of 
the group of populations displaying so little toler- 
ance, all except three samples dated to years of the 
“eyelie lows” or impending “lows” (13 cases being 
in 1936). Of the tolerant group, only four samples 
dated to years of or near “cyclic lows” (1936, 1937, 
1945, and 1947), and, of the four, three were border- 
line cases. All of the notable retentions of dried-out 
home ranges—nine populations demonstrating ability 
to stay five months or longer after exposure—oc- 
eurred in 1939, 1940, and 1949, years preceding 
“eyelic highs.” (No such annual or “cyclic” differ- 
ences were observe’! for muskrat populations trying 
to winter in dry habitats, whatever this may signify.) 

In connection with the above, it should be men- 
tioned that 1946, one of the years of the second 
“eyelic low,’ was not one of drought crises on the 
central Iowa observational areas. Water and food 
conditions then looked, to human eyes, about as 
favorable as they ever are, but we had, on the part 
of moderate-density populations of muskrats (the No- 
vember figure arrived at was 1285, on a total area 
of 25 sq. mi.), the most nearly frantic, footloose 





wandering on a wholesale scale of the two decades of 
our investigations. In 1951, five years later and at 
the opposite stage of the cycle, both habitat condi- 
tions and muskrat densities (slightly less than 1200 
as of November, on the same 25 sq. mi.) were similar 
to those of 1946, yet 1951 was a year of practically 
no footloose wandering. Nor was there so very much 
wandering in 1952, when the water levels were lowered 
because of a rainless period of two and one-half 
months and the fall muskrat densities were about 
twice as high (the November figure arrived at being 
2430) as in 1946! 

In view of the long-noted associations between so- 
cial tensions, evictions from familiar home ranges, 
and wandering in unfamiliar or inhospitable places, 
and the severity of the predation suffered by verte- 
brate prey (Errington 1946), “cyclic” changes of an 
adverse nature surely could be expected to increase 
the vulnerability of muskrat populations to an en- 
terprising enemy like the mink. In addition to the 


disadvantages with which muskrats may be confronted 
with the onset of a “eyclie low,’ 


increased availa- 
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bility of the species to predators may be expected if 
a “eyelic high” is attended by overflowing of prey 
animals into the less favorable of habitats, as, for 
example, in the central Iowa stream habitats in 1943. 
However, for the muskrat, a chronological “cyclic 
high” does not necessarily mean a population that 
must be numerically high. Weather or environmental 
variables may actually give us lower populations of 
muskrats at times of some chronological “eyelie highs” 
than at some of the “cyclic lows” (Errington 1951; 
1954). 

Obviously, the availability of bodies of muskrat 
victims of the hemorrhagic disease to locally resi- 
dent minks partly depended upon the numbers of 
muskrats dying from the disease, and variations in 
the latter were associated with “cyclic” changes in 
two principal ways. One way related to the spread 
of sweeping epizootics across a marsh or along a 
watercourse, and these sweeping epizooties were fa- 
cilitated both by the higher degree of crowding that 
we often had during “cyclic highs” and by the greater 
wandering tendency of the animals during “eyclie 
lows.” But sweeping epizootics did not always have 
the same lethal significance on our Iowa ayeas, for, 
at times, practically all of the muskrats died that 
contracted the disease, and, at other times, practically 
none died from it, even when the incidence of in- 
fection in a population was demonstrably high and 
general (Errington 1954). 

Our data on the lesions of this disease are too 
extensive to discuss more than briefly in the present 
writing, but it can be stated that several syndromes 
were distinguishable from postmortems conducted on 
hundreds of victims and that the syndromes seemed 
broadly to reflect the length of time that the victims 
stayed alive after contracting their infections. 

On the basis of the over-all “cyclic” synechronies in 
combination with the histories of epizootics and the 
lesion syndromes of the hemorrhagic disease, I would 
say that (1) the principal differences brought out 
by our postmortems must have been manifestations of 
differences in physiology of the host rather than 
differences in virulence of the infectious agent and 
that (2) the amounts and appearance of necrotic foci 
in the liver and of hemorrhaging in the intestine and 
elsewhere in the body cavity (except in the lungs) 
afforded workable criteria for appraising the relative 
susceptibil'ty of infected animals. In the lungs, an 
acute pneumonie syndrome introduced a major vari- 
able, which had to be -considered separately. 

Accordingly, the general run of victims having few 
or no liver lesions but variable intestinal hemorrhages 
(especially in cecum and rectum), or few gross lesions 
of any sort, were rated as showing inferior resistance. 
Victims having intermediate degrees of liver necrosis 
and intestinal hemorrhages were rated as showing 
intermediate resistance (though the animals usually 
died slightly over a week after becoming infected). 
Conversely, victims having few or no hemorrhages but 
livers covered with lesions of varying ages, severity, 
and stages of development or healing (with up to 
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a quarter or more of the volume of the liver being 
necrotic in extreme were rated as showing 
superior resistance. 

Apart from the victims of epizooties of the pneu- 
monic syndrome—which, once they contracted the 
disease, seemed about as likely to die at one phase 
of the “ten-year game cycle” as at another—we have 
postmortem records on 481 examinable specimens dy- 
ing from the hemorrhagie disease from the fall of 
1943 through February, 1954. The 481 specimens 
may be classed according to six time’ periods, each 
assignable to “cyclic” phases; and the specimens dy- 
ing in each period showed remarkable changes in 
dominance of syndromes, interpretable as signifying 
changes in resistance to the disease. 

For the period of fall, 1943, through the summer 
of 1944, just after the passing of the “eyelie high” 
of the early Forties, 38 specimens were posted, of 
which one (3%) was judged to have shown superior 
resistance; 23 (61%), intermediate resistance; and 14 
(37%), inferior resistance. With the approach of the 
“evelic low” in the fall of 1944 and through early 
spring, 1947, we had four (3%) of 158 specimens with 
superior resistance; 13 (8%), intermediate resistance; 
and 141 (89%), inferior resistance. As the “eyelic 
low” passed, late spring, 1947, through the spring of 
1948: 14 (11%) of 126 specimens, superior resistance ; 
16 (13%), intermediate resistance; and 96 (76%), 
inferior resistance. For the “cyclic upgrade” of fall, 
1948, through spring, 1950: 10 (16%) of 62 speci- 
mens, superior resistance; 22 (35%), intermediate 
resistance; and 30 (48%), inferior resistance. 

A notable change took place after mid-year, 1950, 
and from then until past mid-year, 1952, and coin- 
ciding with the period considered to be the “cyclic 
high,” few muskrats died of the hemorrhagic disease 
except in tracts swept by pneumonic-syndrome epi- 
zootics. Wall and Goose Lakes furnished contrast- 
Probably most of the Wall Lake 
muskrats were contracting sublethal cases of the 
ordinary hepatic-enteritie syndromes of the disease 
(up to 10% of the carcasses taken during the fur 
trapping having distinguishable liver lesions at times 
of no detected mortality), whereas the Goose Lake 
muskrats seldom showed evidence of infection. But, 
despite the differences in incidence of recent infec- 
tions among the Wall and Goose Lake muskrats, the 
syndromes followed similar patterns on both marshes. 
As a rule, the muskrats that did die of the hemor- 
rhagic disease (other than from the pneumonie syn- 
drome) during this period had the appearance of 
having put up strong and almost successful fights for 
their lives: 25 (83%) of 30 specimens, superior re- 
sistance; three (10%), intermediate resistance; and 
two (7%), inferior resistance. 

After mid-year, 1952, another notable change took 
place, and the syndromes and epizootiology of the 
disease were reminiscent of 1943. In widely sep- 
arated local habitats, in which at least some muskrat 
populations had neither detected nor probable con- 
tacts with outside muskrats, deadly epizooties of the 
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ordinary hepatic-enteritic syndromes started up again 
in the fall, killing most of the muskrats in their 
lines of spread. Of 67 specimens from mid-fall, 
1952, through February, 1954, only five (7%) showed 
evidences of superior resistance; 21 (31%), inter- 
mediate resistance; and 41 (61%), inferior resistance. 

The latter change certainly increased the availa- 
bility of muskrat flesh for the numerous minks at 
Wall and Goose Lakes. During the years of the 
last “eyelie high” and its approach, the minks of 
these and other Iowa study areas could find dead 
muskrats almost nowhere except at the most notorious 
of local “hotspots” having a few victims dying now 
and then or at the site of an occasional pneumonic- 
syndrome epizootic. But, with the resumption of 
really killing epizootics from the common hepatic- 
enteritic syndromes in the fall of 1952, the minks 
could find an abundance of dead muskrats over siz- 
able acreages, and they knew what they were doing 
when they centered their hunting there! 


DISCUSSION AND CONCLUSION: OF MINK- 
MUSKRAT RELATIONSHIPS AND 
NATURAL SELECTION 


There are plenty of places in North America where 
free-living minks maintain themselves quite well in 
the absence of muskrats, so the muskrat as a species 
should not be thought of as indispensable to the 
mink’s way of life. The mink does have its inelina- 
tions and adaptations to live where muskrats live 
(Errington 1943), and, over our north-central region, 
the choicer muskrat marshes are also the choicer 
places for minks. But, whether or not the mink as a 
species has adjusted to any significant extent to the 
muskrat as a species during their long racial associa- 
tion, the muskrat undoubtedly has adjusted to an 
enemy as formidable and having as much fondness 
for muskrat flesh as the mink! 

Yet, even the muskrat-hungry and usually present 
mink does not seem to exert much that looks like day- 
to-day selection pressure upon modern muskrat pop- 
ulations, nothing suggesting many “skin-of-teeth” 
escapes or almost-unsuccessful captures, with escape 
or capture hinging upon slight variations in prowess 
of either attacker or attacked. This, generally, is 
not the way that mink predation upon muskrats 
showed up in the two decades of intensive field studies 
conducted on the Iowa areas. 

The total of 13,176 mink seats recorded from cen- 
tral Iowa areas during the second decade of work 
should be about as representative of year-around food 
habits of wild minks in our region for that period 
as any sample obtainable. For the 2415 of these 
seats containing muskrat remains, evidence as_ to 
the nature of the exploitation of muskrat flesh by 
the minks was more or less satisfactorily traced in a 
very high proportion of cases. 

Of the 2415 muskrat-containing seats, 1344 were 
deposited under circumstances suggesting little other 
than scavenging by minks upon muskrats dead of the 
hemorrhagic disease, with a few probable instances of 








predation upon sick animals before they actually died 
of disease. Disease in combination with either drought 
or freeze-out, with disease probably dominant, ac- 
counted for 343 more of the muskrat-containing seats. 
Some more scavenging upon disease victims surely is 
represented in lots totalling 115 other muskrat-con- 
taining seats gathered at times of miscellaneous hap- 
penings, including some known disease loss. A value 
of between 1600 and 1700 (or between 65 and 70%) 
of the 2415 muskrat-containing seats may then be con- 
vineingly assigned to exploitation of diseased musk- 
rats. 

We have insufficient grounds for assigning nu- 
merical values to the mink seats resulting from seav- 
enging upon muskrats dead from causes other than 
either the hemorrhagic disease or mink predation, i.e., 
the agencies of mortality including intraspecific 
strife, old age, freezing, drowning, shooting and trap- 
ping, dog and fox predation, highway traffic, and the 
rarer diseases and mishaps afflicting muskrats. In 
their totality, they could hardly account for more than 
100 of the muskrat-containing seats. 

Of the many hundreds of other muskrat-contain- 
ing seats in the second-decade sampie, a total of 674 
may be assigned to the following seven categories of 
mink predation. Forty-six of these 674 seats were 
known to have resulted from mink predation upon 
drought-exposed muskrats and 78 from predation at 
times of freeze-outs in the probable absence of dis- 
ease mortality. Storm evictions and floods were 
linked with 43 muskrat-containing seats, and environ- 
mental deterioration (usually from the killing of the 
better food plants by high water) with 150 seats; these 
two categories of scats were made up largely of re- 
mains of young muskrats less than half grown, which 
are consistently among the best candidates for elim- 
ination by predators when something goes wrong at 
a marsh. Twenty-two and 62 of the muskrat-con- 
taining seats were linked with fall and spring wander- 
ing, respectively. Most of the predation upon fall 
wanderers was centered upon a wretched, strife-torn 
overflow from deteriorated habitats. 

The seventh category, that of predation during the 
periods of increasing restlessness and frictions in 
crowded muskrat populations as the breeding season 
approached in late winter and early spring, was the 
biggest one representing genuine predation. The 
figure arrived at was 273 of the muskrat-containing 
seats, and the corresponding field data showed victims 
of all sorts, from “kits” born in the preceding late 
summer and fall to enormous sexually active indi- 
viduals of both sexes (but mostly males), from ani- 
mals with frozen tails, strife wounds, and thin bodies 
to those in splended physical condition. 

In recapitulation, if we accept the minimal figure 
of 1600 for the mink seats resulting from scavenging 
upon muskrats dying from the hemorrhagic disease, 
100 for seats from miscellaneous scavenging upon dead 
muskrats, and add the 674 seats for the seven listed 
categories of predation, we fall only about 40 seats 
short of accounting quite well for the entire collee- 
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tion of 2415 muskrat-containing seats tor the decade. 
Without implying that anything like this can be 
computed with greater accuracy than is possible, the 
40 plus or minus seats remaining unaccounted for 
would be about what one might expect to have re- 
sulted from chance encounters of minks with musk- 
‘ats, especially young muskrats, that simply failed 
to escape. 

At any rate, we have some 674 or 28% of the 2415 
muskrat-containing mink seats resulting from preda- 
tion. Of these 674 scats, about 210 were made up 
of young muskrats caught under varying conditions 
of physical disadvantage, at ages at which they could 
have realized only a small degree of the inherent 
abilities of ordinary grown muskrats to take care 
of themselves. 

About 360 of the scats were made up of remains 
of muskrats that had been vulnerable to mink preda- 
tion chiefly for reasons of their troubles with other 
muskrats. While considerable selection pressure may 
well have operated through the muskrats’ own social 
order (in terms of muskrats being acceptable to, or 
able to endure antagonisms of, their fellow muskrats), 
the usual fate of population surpluses was such that 
slight variations in ability to stay alive and to estab- 
lish and maintain themselves in breeding residence 
elsewhere may hardly have been selected for with any 
regularity. If such surplus animals did survive more 
than a few weeks or months of living in out-of-way 
retreats or about the outskirts of intolerant popula- 
tions, it was more likely to be through luck rather 
than through possession of qualities superior to those 
of animals that did not survive. 

At least 80 and conceivably nearly all of the re- 
maining 104 mink seats resulting from predation 
upon muskrats were made up of adult or subadult 
victims killed while suffering acute drought exposure 
or freeze-out crises in which there must have been 
considerable selection pressure. A muskrat must have 
been a “good muskrat” to have lived for several 
months in a dry or food-poor marsh or stream thor- 
oughly worked over by minks, and, clearly, not all 
muskrats could have done it, whether at the peak 
of their physical endowments or not. Yet, we may 
see from the studies of the first decade (Errington 
1943) that: “In mid-summer, 1936 and 1939, after 
heavy general mortality from drouth had occurred, 
many of the lodges last occupied by muskrats in 
northern Iowa marshes (Dewey’s Pasture and Cheever 
Lake) were dug out, and in these were found, besides 
a dead adult and 14 dead young, 7 live adults and 
28 live young of ages varying from about 5 to 12 
weeks. It is granted that in a given lodge the ob- 
viously larger, stronger, and older (hence more ex- 
perienced) individuals have the advantage in survival 
and that the very last remnants of a drouth-exposed 
population may consist almost wholly of adults. The 
late survival of the Dewey’s Pasture and Cheever 
Lake sizes of young long after the main periods of 
decimation (during which hundreds of better equipped 
individuals, including adults, had lost their lives) 
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nevertheless may be some indication of the limited 
selectivity exerted even by the ordeal of drouth ex- 
posure.” 

From what I have seen, I would say that the great- 
est selection pressures affecting the muskrat with any 
semblance of year-to-year or decade-to-decade con- 
tinuity operated through recurring environmental 
crises, particularly at or following times of either 
excessive or insufficient water. Although there might 
have been selection pressures exerted now and then 
by minks upon the observed muskrat populations, 
the mink predation was still typically centered upon 
parts of muskrat populations that were unlucky 
rather than lacking in inherent ability to keep out 
of trouble with minks. The apparent instances in 
which individual muskrats may have managed to 
elude or fight off minks by virtue of having “that 
little extra” in the way of inheritance would seem so 
few as to be almost (perhaps not quite) inconse- 
quential. Whatever else may be said of it, mink 
predation centered upon wastage animals of musk- 
rat populations does not give us exactly a picture of 
a prey species figuratively straining to keep a few 
jumps ahead of its principal predatory enemy. 

I think that> any ordinary muskrat living in my 
study areas had far more than all the inheritance it 
needed to cope with minks as long as it had any 
ordinary chance» and that, psychologically and mor- 
phologically, the muskrats there have been for a long 
time essentially the animals that they now are. 

How long this has been true and, especially, what 
kind of animal the muskrat was when the mink first 
invaded its habitat on a large scale are questions 
about which we may be tempted to speculate. The 
fossil record is too incomplete to suggest much as 
to when the two species may have become even fairly 
closely associated in habitat niches (Errington 1943), 
but it is within reason that the predatory impacts of 
minks may have had, very long ago, more real de- 
pressive influence on muskrat populations than they 
now have, that minks once may have eliminated tre- 
mendous numbers of muskrats that simply did not 
have what it took to live with minks, and that minks 
may have forced some comparatively sudden and 
substantial changes into the ways of life of the musk- 
rats that had to adjust. 
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There are, in the literature, some instructive case 
histories of native faunas finding themselves con- 
fronted by predators with which they have had little 
or no prior racial experience. Where the new predator 
has been formidable enough or the new prey vulnerable 
enough, spectacular, or even annihilative, losses from 
predation have resulted. One case that I often think 
of relates to Jamaica, where, according to Phillips 
(1922), the black-bellied tree duck 
autumnalis) nested on the ground and in open fields 
before the introduction of the mongoose (Herpestes 
griseus). The exterminated the 
tree duck in a few years, but a remnant survived be- 
‘ause of safer nesting habits and then began a grad- 
ual increase in numbers. This is the kind of ad- 
justment that I suspect has taken place in the early 
years of many predator-prey relationships that now 
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have the aspects of permanent stability. 

My view is that this is about the way that evolu- 
tion may leave some of its biggest imprints on the 
muskrat as a prey species, great tests that a prey spe- 
cies must pass at rare intervals, followed by genera- 
tion after generation of the prey fully endowed with 
the hereditary equipment to enable the most common- 
place of individuals to do enough of the right thing 
when needing to. 
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